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Executive summary 
Owing to immense anthropogenic impacts such as unsustainable resource use, degradation and loss 
of key habitats, overexploitation, pollution and biodiversity loss are in their highest forms in the Bay 
of Bengal. To address both resource management and biodiversity conservation, Marine Protected 
Areas (MPAs) demarcation in coastal areas and in deep seas, is a very well acclaimed tool used 
around the world. MPAs are thus increasingly being used to protect biologically rich habitats. The 
present project is targeted to strengthening national capacity on managing MPAs in Bangladesh as a 
follow up of the BOBLME support in developing the framework for establishing MPA in Bangladesh.  
Maximum attainable success of MPAs will require effective conservation of marine biodiversity and 
reduced risk of unintended consequences on the livelihoods of local communities. We need to 
cautiously demarcate boundaries reflecting ecological reality and adapt better designs with updated 
ecological information continuously. The Saint Martin’s Island is the pilot site for ecosystem 
boundary delineation. 
The survey to delineate the ecosystem boundary for Saint Martin’s Island (SMI) terrestrial and 
marine area was conducted from September 2014 to January 2015. Sophisticated technical data was 
analysed on the basis of the goals of the protected area to be announced, and also according to 
critically and scientifically acclaimed international standards. The process included proper literature 
review, formulation of principles and goals, modification of already existing scientific methodologies 
and then accordingly proper data collection and analysis to come up with an ecosystem boundary to 
be used in the demarcation of MPAs. It should be noted that this study/survey was conducted in a 
very short time and thus the findings are very much preliminary in nature.  
Lying roughly between 20°34'N - 20°38.8'N and 92°18'E - 92°20.8’E, St. Martin’s Island (locally known 
as NarikelJinjira) is a very small (~600 ha) sedimentary continental island of Bangladesh 
accommodating many different types of terrestrial and marine habitats and many different species. 
To delineate the ecosystem boundary of the marine of SMI two approaches have been suggested in 
this report; namely: Identification of representative habitat types using a surrogate and 
identification of potential Key Biodiversity Areas (KBAs). 
In the first approach the identification of a representative habitat type will serve to conserve an area 
encompassing a wide range of habitat types, representing the most of it to accommodate as many 
species as possible. To play the role of a significant representative habitat type, a surrogate species 
with a high level of surrogacy, representativeness, distinctiveness is required and habitat has to have 
the ability to accommodate indicator/focal/umbrella/flagship/keystone species. Hereby, we have 
suggested coral colonies around SMI as the most potential candidate to serve as the surrogate in this 
methodology. But in this approach the main drawback could be the inability to address the 
vulnerability of any species. Hence, the next approach namely the identification of KBAs has also 
been suggested, which is triggered by the criteria of vulnerability and irreplaceability. It is currently 
being used to delineate ecosystem boundary for MPA and addresses the vulnerability issue very 
well.  
This present study identified an area of 285.48 km2 which can be a potential key biodiversity area, 
based upon the species composition especially the distribution of the corals and other vulnerable 
species and the geophysical properties of the water. The sites randomly selected for this period 
shown in the map, are also proposed to be representative sites. Finally to complete the process of 
identifying representative areas and also delineating KBA of SMI the further six steps proposed in 
this report are needed to be conducted. This probable KBA would be triggered by highly vulnerable 
coral species, their sparse distribution and also some other marine organisms in need of immediate 
status assessment, conservation or protection. One very important point that is needed to be 
addressed is that, this area is the livelihood option for many locals and they entirely depend on it, for 
fisheries related livelihoods. Hence, the entire work needs to be in a participatory manner when 
enforced understanding their need for being an effective locally managed MPA. This can best be 
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done when zonation of this area is done, the no take zones needs to be clearly defined and 
alternative livelihood options are made by discussion and in cooperation with the locals. We also 
suggest, after the primary delineating which has been done in this study, the rest of the process has 
to be in participation with the local communities. 
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1. General introductions 
1.1. Background 
Unsustainable resource use, degradation and loss of key habitats, overfishing and pollution are 
undermining long term sustainability of marine ecosystems, livelihoods and food security in 
Bangladesh. To tackle these sorts of situations Marine Protected Areas (MPAs) are considered as a 
tool for resource management and biodiversity conservation in many countries.  
MPAs are thus increasingly being used to protect biologically rich habitats, resolve user conflicts and 
help restore overexploited stocks and degraded areas (Agardy, 2000). The present project is 
targeted to strengthening national capacity on managing MPAs in Bangladesh as a follow up of the 
BOBLME support in developing the framework for establishing MPA in Bangladesh. Save Our Sea 
(SOS) is the technical partner of this project.  
In 2012, Economic Exclusive Zone (EEZ) of Bangladesh has expanded from roughly 50 000 km2 to 
more than 112 000 km2 by ITLOS verdict. It increases the burden of declaring 10% of its EEZ as MPA 
by 2020 after judicious selections of sites and executable management planning.  
A total of 14 sites are identified as Area of Significance (AOS) which again could be summarized 
mainly in four broad sites to declare as MPA, those are: St Martin’s Island and its adjacent water 
area (approximately 100 km2), Nijum Dwip Island and its adjacent water area (approximately 
300 km2), a marine reserve area declared by DoF (approximately 5000 km2), and Sundarbans and its 
water territory. The designation process on MPA may proceed alongside with the MPA management 
planning. 
To increase the likelihood of success for MPAs serving marine conservation in general, along with 
other steps, we have clearly defined specific objectives at the onset but yet need to design zoning to 
maximize protection for ecologically critical areas and processes and design boundaries so that they 
reflect ecological reality and be prepared to alter the design as more ecosystem information is 
derived (Agardy, 1997 cited in Agardy, 2000).  
In Saint Martin’s Island (SMI), a continental island with coral associations and its adjacent marine 
areas, coral colonies and associated habitats have been lost or seriously degraded by a combination 
of factors like, extractions, destructive fishing practices, overfishing, unsustainable coastal 
development and land-based pollution. As a primary step, it is urgent to initiate collection of data on 
the proposed AOS of St. Martin’s Island. Hence, the ecosystem boundary of the proposed sites 
should be delineated and brought under the declaration and proper management. 
About SMI, question has been raised as to how far the seaward boundaries provide sufficient 
protection to guarantee the accomplishment of these aims. With this notion an MPA should be 
delimited with the requirements of protection and conservation. This study investigated the use of 
natural, geomorphic seabed features and oceanographic processes as criteria in the delimitation of 
both the outer boundary of the proposed SMI MPA and the limit of the coral distributions. 
This report therefore summarizes the principles and methodologies followed, survey/study 
conducted and findings gained to delineate the ecological boundary of the marine ecosystem around 
Saint Martin’s Island. This study/survey was conducted in a very short span of time 
(September 2014-January 2015) and thus the findings are very much preliminary in nature. This has 
given us a partial scenario of the coral (and algal) community and a background study to propose 
methods for delineating the ecological boundary in marine areas of Bangladesh for the greater goal 
of MPA framework generation and management. 
If well designed and established, MPAs will help to reduce local threats, sustain fisherie, and 
conserve biodiversity and will contribute to face global threats like global warming and ocean 
acidification. In appropriate cases, the existing Ecologically Critical Areas (ECA) may need to be 
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upgraded to MPAs. Bangladesh Marine Fisheries Act-1983 provides legislative means to provide 
protection for selected marine areas of Bangladesh waters.  
1.2. Objective of the present study 
1. Provide a method/framework to delineate the proper ecosystem boundary of the marine 
areas around SMI to be surveyed and documented in the coming years taking a longer 
period of time. 
2. Delineate a primary map of the areas surveyed; denote the distribution and coverage of the 
coral colonies in the randomly selected sites. 
3. Prepare a preliminary checklist of marine fauna and flora dependent or found near the coral 
colonies or in the areas surveyed. 
1.3. Site description  
Lying roughly between 20° 34'N - 20° 38.8'N and 92° 18' - 92° 20.8’E, St. Martin’s Island (locally 
known as NarikelJinjira) is a very small (~600 ha) sedimentary continental island of Bangladesh 
(Tomascik, 1997). Situated about 9 km South of Cox’s Bazar-Teknaf Peninsula it forms the 
southernmost tip of the country. 
Having a length of 7.8 km and width of 1 km this dumbbell-shaped island has a surface are of 8 km2 
at low tide and 5 km2 at high tide. It falls under the jurisdiction of St Martin’s Island Union, Teknaf 
Upazilla under Cox’s Bazar District. The island is divided into three broader sections: the Northern 
Uttarpara, the Southern Dokkhinpara, and the Southernmost tip Cheradia. Uttarpara is connected to 
the southern part of the island by a narrow neck of land called Golachipa. The area just after South 
of Golachipa is Madhyapara, followed by Dakkhinpara. The Southernmost Cheradia is separated 
from Dakkhinpara during high tide. The island is accessible only by boat/ship from the town of 
Teknaf. 
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Figure 1. Map of St Martin’s Island 
Past ecological information (with land biodiversity study) 
Systematic information regarding ecology and biodiversity of this island is very sparse. However in 
the last two decades a number of fragmented research initiatives have been undertaken by different 
researchers and organizations to study the topography and the biodiversity of the island, both 
terrestrial and underwater. Unless otherwise stated the following sections have been largely 
adapted from Tomascik (1997), NCSIP (2001 a, b), CWBMP (2006), and Hasan et al., (2014).  
Physical features 
Climate and hydrology 
Due to influence of the sea St Martin’s Island experiences relatively higher humidity, higher 
minimum temperatures and lower maximum temperatures throughout the year than that of the 
other part of Southern Bangladesh (Tomascik, 1997). Movement of winds follows Northwest 
direction in November-February, Southwest in March-May and Southeast in June--September. 
During rainy season the island becomes quite inaccessible due to very rough seas. However 
information regarding the hydrology of the island is very rare (Tomascik, 1997). 
Topography 
Lying almost in a North-South direction, the Island has a wider Northern section and a narrower 
elongated Southern section. The sand dunes of the Western and Eastern shores have almost 
constricted at the joining (NCSIP 2001a). This narrow neck is gradually being eroded from both sides. 
The dunes at North eastern side of the Island have faced considerable extent of shore erosion in 
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recent times from monsoon tides where up to 2 m erosion was reported since 1990s. The average 
altitude of the island is 2.5 m with a high point of 6 m in Dakkhinpara. 
Geomorphology 
The Island is sedimentary continental in nature with continental base rocks and submerged coral 
associations (Tomascik, 1997). The base rock is Girujan Clay shale (Pliocene) and grey to bluish grey 
inter bedded with subordinate sandstone. Above this is a layer of St Martin limestone (Pleistocene). 
The limestone layer is coquinoid, dirty white, coarse grained, bedded and partly consolidated along 
with cream coloured coral clusters. Surficial deposits (Holocene) of beach sand lie above the 
limestone. The beach sands are medium to coarse grained and light grey to grey coloured and 
consist of recent shell fragments.  
The 100-500 m wide coastline of the island is fringed by a rocky intertidal habitat consisting of small 
and large boulders and relatively rare coral boulders. The presence of relatively well preserved dead 
coral colonies in the upper and middle intertidal zones denotes that the island has been uplifted in 
relatively recent times (Tomascik, 1997). Besides generating agricultural land, the natural 
distribution of loose rocky boulders have largely been changed to shape them as embankments (in 
Uttarpara) and to demarcate the boundary of privately owned land (in Dokkhinpara).  
An intertidal rocky reef extends about 1.8 km South from Dakkhinpara, locally known as Cheradia. 
Cheradia supports three vegetated sand islands and is connected to the Southern part of the island 
at low tide. A narrow sand belt consisting of alluvial sands and littoral carbonates, accumulated on 
top of the rocky intertidal reef, connects Cheradia with the main Island.  
The soils of the Island consist mainly of alluvial sands mixed with marine calcareous deposits 
(Tomascik, 1997). Golachipa area consists of dry sand and has a dune environment. Madhyapara 
consists of alluvial top soil mixed with molluscan shells. Dakkhinpara has two marshy dead lagoons. 
The soil in Cheradia consists of loose sand mixed with large quantities of molluscan shells. 
Water quality 
In a dry season study by Thomasick (1997), surface and bottom seawater temperature in the inshore 
waters of the island was found to fluctuate between 22° and 29°C, salinity from 25 to 32‰ and 
turbidity (Secchi disk transparency) by depth ranges from 1.5 m to 8 m depending upon different sea 
conditions and tidal cycles.  
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Figure 2. Map showing habitats of St. Martin’s Island  
(Source: SPARRSO) 
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2. Methodology  
2.1. Characterization of marine ecosystem boundaries  
Different factors can act as determinants in habitat classification schemes according to their 
geophysical properties and biological features (Roff, Taylor and Laughren, 2003). These factors can 
be used in different sequences in a hierarchical classification.  
Two broad types of classification schemes/approaches are considered for marine habitats (Roff and 
Taylor 2000; Zacharias and Roff 2000):  
a. Abiotic (ecosystem) level approach: predominantly based on physical and chemical features 
or processes only (usually applicable for larger scale habitats or biogeographic areas, e.g. Bay 
of Bengal large marine ecosystem). The ecosystem levels are further separated according to 
(a) ecological structures such as depth, and (b) ecological processes such as water motion. 
b. Biotic (community) level approach: predominantly based on biological features and species 
only (usually applicable for smaller scale habitats, where they can be used for verification of 
habitat community associations, e.g., coral reefs, mangroves, estuaries, etc.).The community 
levels are further separated according to (a) species richness and (b) succession. 
Rational for abiotic/geophysical features based classification: 
In general geophysical features control the distribution of organisms at larger scales 
(Roff and Taylor 2000). Individual species can be locally prone to population change but the 
community persists. Thus community can be represented by its persistent or recurrent physical 
correlates. In many cases geophysical features are considered as surrogates for marine communities 
where there is a paucity of data on biological marine resources (Roff and Taylor 2000). 
Rational for biological features based classification: 
In a biological system based classification there is no need to seek the correlates between organisms 
and physical parameters (Roff and Taylor 2000). Hence it is suitable for small-scale or community 
scale classification. Since most marine organisms are not visible either directly or by remote sensing, 
mapping large-scale marine communities by direct sampling is a huge job. 
On the contrary, scientific information regarding effectiveness of physical surrogates is very sparse 
for delineation of habitat or ecosystem types in conservation planning (Edgar et al., 2008).Therefore 
potential sites for marine conservation (and thus establishing MPAs) need to be assessed according 
to following factors (Gell and Roberts 2003; Roberts, Hawkins and Gell, 2005): 
• Their biodiversity, the processes which support that diversity  
• The processes that support fisheries and provide a range of other services important to 
people  
Biodiversity values of a site can be portrayed by biogeographic representation, habitat 
representation and heterogeneity and presence of species or populations of special interest (e.g., 
threatened species).  
Example: Characterization of coastal habitats based on geophysical features was done for both 
broader scale and smaller-scale habitats in Canada. Broad-scale identification of representative 
habitat types over wide geographic regions was done by using simple mapping and GIS 
techniques based on readily available data (Roff et al., 2003). Here, they applied a geophysical 
framework first to the entire Canadian coastline and then to the Scotian Shelf of Atlantic Canada 
to establish broad scale marine natural regions and ‘seascapes’, respectively.  
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Sustainability of biodiversity and fishery values include the size of reserve/s necessary to protect 
viable habitats, presence of exploitable species, vulnerable life stages, connectivity among reserves, 
links among ecosystems and provision of ecosystem services to people.  
Human and natural threats denotes justification of candidate sites whether to be eliminated from 
consideration if risks are too great or to help prioritize among sites where threats can be mitigated 
by protection. 
2.2. Approaches to ecosystem boundary delineation 
Ecosystem boundary delineation, though sometime ambiguous, plays the central role in protected 
area generation and management both in terrestrial and oceanic systems. Being the most complex 
systems of all, marine ecosystems are wearisome to work with both in conceptual and practical 
manner. The transition zone between two ecological communities (ecotone), an established concept 
in terrestrial ecology, has been very little discussed or less evident in the marine environments 
(Longhurst, 1998). Ecotones may exhibit special ecological characteristics that differ from either of 
the separated communities.  
The main factors that needs to be considered in delineating priority protected areas/sites are habitat 
or ecological data, the presence of pre-existing biodiversity areas, and political or land management 
data (De Silva et al., 2013). Site identification is generally a repetitive process which intends to 
produce more precise and accurate boundaries based on stakeholder input, survey and monitoring 
data, remote sensing data and other means (De Silva et al., 2013). 
For MPA creation and overall oceanic resources conservation, identification and mapping of the 
types of marine habitats and the communities therein and delineation of their boundaries utilizing a 
consistent classification are required prior hand (Roff et al., 2003). Mapping of habitats and their 
biological communities in the marine environment can be classified according to different scale 
using their geophysical properties and the species composition as well. This in turn can be used as 
determinants of different hierarchical classifications of ecosystems present there (Roff et al., 2003).  
Different approaches have been theorized and practically implemented in different areas and by 
different scientists depending upon different purpose of the project or study. Out of these, after 
consulting different literatures here are documented two different approaches that prove to be 
more feasible from the perspective of applicability and our current study site; 
I. Identification of representative habitat: To date the 
criteria representation is one of the most frequently used 
concepts to conserve terrestrial biodiversity or even to 
design protected areas. The idea says to conserve an area 
encompassing a wide range of habitat types, 
representing the most of it to accommodate as many 
species as possible. (Edgar, 2008 a, b; ANZECC, 1998; 
Frontin et al., 1995). Hence, Edgar et al, 2008b stated, 
“Thus, MPA planning typically involves division of a 
seascape into mappable units such as bioregions and 
habitats, with stakeholder-driven processes then applied 
to select representative subsets of each of the mapped 
units for protection”.  
II. Identification of Key Biodiversity Area (KBA): With the 
responsibility to safeguard the habitats or sites with highest biodiversity of the earth both 
terrestrial and marine and with the recent trend of biodiversity degradation around the 
world, identification and subsequent demarcation of those sites of global priority is the most 
important phase of conservation in practice. Prioritization of such sites needs proper 
scientific background and should provide the ultimate goal of conserving the biodiversity 
For delineating the ecosystem 
boundary of the marine area 
around SMI two approaches 
have been suggested, namely; 
(i) Identification of 
representative habitat, using a 
surrogate species and  
(ii) Identification of key 
biodiversity area addressing 
the vulnerability and 
irreplaceability issues. 
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with most vulnerable status due to anthropogenic impacts may be through formal protected 
area, community managed reserves, multiple use area or any other managed tool for 
conservation.  
One such very well documented and theorized tool has been put forward by scientists, 
which has been formally used to delineate such priority areas namely, KBA approach or Key 
Biodiversity Area approach. While it is a very efficient and transparent tool following a 
globally standardized approach (Foster et al., 2012). 
3. Review of approaches  
3.1. Identification of representative habitat 
In this approach, to delineate the ecosystem boundary of an area the attributes to be identified 
regarding a selected habitat type or the important areas to be protected are documented in the 
following table.  
Table 1. Key attributes of the area inclusive of the boundary  
Attributes  Definition  Reference  
1. Surrogacy Having the quality of being used as a conservation tool 
with a very broad loose idea. They can be species of 
importance acting as umbrella/flagship/keystone 
species and conserving of which will ensure the 
protection of many other important attributes of 
interest sampled or unsampled.  
(Caro and Doherty, 
1999; Margules and 
Pressey 2000) 
2. Sensitivity A degree to which any features respond to stresses  (Zacharias and Gregr, 
2005) 
3. Vulnerability Probability of a feature to be exposed to a stress it is 
sensitive to. 
(Zacharias and Gregr, 
2005) 
4. Irreplaceability Attributes which are irreplaceable in time and space 
such as endemic species etc.  
(Brooks et al., 2006; 
Margules and Pressey, 
2000) 
5. Representativeness The habitat type is typical representing as many 
attributes as possible as a candidate habitat type 
expecting to be inclusive of a range of environmental 
gradients to maximize the protection of the area of 
interest.  
(Roff and Taylor, 2000) 
6. Distinctiveness Atypical with special attributes that are rare or unusual 
and need protection  
(Roff and Taylor, 2000) 
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Attributes  Definition  Reference  
7. Indicator/focal/ 
umbrella/flagship/ 
keystone species 
presence  
 Indicator Sp.: Species that can be used and 
designate to predict or understand any ecological 
or other changes of the environment.   
 Focal Sp.: For some reason the attention is focused 
on one species especially to fulfil any specific 
conservation goal. 
 Flagship Sp.: Species of interest that can mobilize 
conservation action 
 Umbrella Sp.: Umbrella species most simply can be 
defined as one such species of which protection will 
confirm the protection of other naturally occurring 
species diversity. 
 Keystone Sp.: A set of such species having 
disproportionate ecological importance facilitating 
important ecological functioning of the system.  
(Mills et al., 1993; 
Roberge and 
Angelstam, 2004; Roff 
and Taylor, 2000) 
8. Uniqueness Coincides with the point distinctiveness. Still by this we 
mean, if that exists as the only example of such a 
habitat hence it is very important to conserve.  
 
 
For the identification of representative habitat the key methodological steps to be followed are as 
follows:  
• Identification of the habitat types present in the area of interest through rigorous field 
surveys, historical data present, previous studies etc. 
• A hierarchical classification of the habitats with importance and conservation need to be 
made on the basis on its status, representation merit, abundance etc.  
• Identification of the species presents in those areas of interest with their abundance and 
status from the catch data, field surveys, previous studies, reports etc.  
• From the species identified, classification of species which can be designated as umbrella, 
flagship, keystone or indicator species  
• Identifying a proper surrogate which will encompass most important attributes in need for 
protection (ensuring representation) 
• Mapping the distribution of the surrogate 
• Application of the attributes theorized in the table “Key attributes of the area inclusive of 
the boundary” in those mapped areas of selected surrogate  
• Selection of the most important areas within these mapped areas (according to the 
abundance, status and threats towards those species) 
• Delineating the boundary of the selected surrogate (the spatial/bathymetric distribution of 
the species)  
• Generating a map with GIS coordinates of the distribution of the selected species 
• Making a zonation plan within this map of the ecological boundary designating “No take 
zone”, “Partial use zone”, “Multiple use zone”, ”Use zone” etc.in a participatory way in 
cooperation with the local communities.  
The major drawback of such an approach is that it often ignores vulnerability of a species and thus 
misses out most species in urgent need for protection. Though in this methodology, vulnerability has 
been selected as one of the criteria, still to overcome this drawback the next approach can be 
incorporated in delineating the ecosystem boundary to ensure maximum effectiveness.  
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Coral colonies of SMI has been 
suggested to be the 
representative habitat as the 
corals found there are highly 
vulnerable, exposed grievous 
to human impacts, repository 
of many other species, good 
indicator of climate change 
(global warming and ocean 
acidification), can house many 
indicator, keystone and 
umbrella species, highly 
threatened in the IUCN Red list 
(many species) and also a very 
distinct habitat type in SMI 
context. 
Hereby, we already propose an effective surrogate for the SMI context (coral habitats) from the 
conducted field surveys within these four months of study. It needs to be studied more rigorously 
for more scientific background and effective application of this surrogate to be designated to act as 
the trigger for representativeness again to delineate the ecosystem boundary of SMI.  
3.2. Coral colonies as proposed to be used as a surrogate habitat community 
In systematic conservation planning put forward as one of the most used tool in conservation and 
protected area planning, the use of surrogates is widely accepted due to incomplete data on 
biodiversity patterns and unsampled species or habitats (Lombard et al., 2003; Margules and 
Pressey, 2000) 
According to the 2005 Millennium Ecosystem Assessment (MEA), the initiative which for the 1st time 
assessed the globe’s state of ecosystems, documented that approximately 20% of the corals were 
lost and another 20% got degraded in the last several decade (MEA, 2005; Ogden et al., 2014). It is 
the world’s most well studied and acclaimed repositories for the marine biodiversity acts as a source 
of natural products of human interest and thus economic assets for those countries which house 
coral reefs. In the neighbouring countries of Bangladesh such as India, Maldives, Andaman and 
Nicobar Islands, Sri Lanka, Philippines etc. coral reefs act as important economic resources from 
different perspectives of fisheries, tourism, coastal protection, ornamental fisheries and other 
economic activities (Rajasurya et al., 2000). But the scenario of degrading these colonies are the 
same around the world specially in nearest vicinity, in India, Sri Lanka and in Bangladesh the colonies 
are being degraded in a rapid rate. There is no coral reefs in Bangladesh but presence of offshore 
patches of coral colonies highly vulnerable to human impact (over fishing, coral mining, 
sedimentation, unabating nature of pollution, destructive gear use in fishing and anchors of boats 
and etc.) as opposed to natural problems (Rajasuriya et a.l, 2000). Indirect anthropogenic impacts 
relating to climate change and disruption in the oceanic nutrient cycle are also presumable as drivers 
of coral colony degradation. Increasingly coral bleaching (death of the mutual/symbiotic algae and 
consequent death and colour loss of the coral) is thought to be acting as one of the cardinal system 
drivers with reasons yet to be researched. All these global and also in the local context of SMI makes 
coral colonies around SMI extremely vulnerable and in immediate need for conservation through an 
effective management plan through protection, preservation and conservation.  
The research and documentation of coral colonies and its 
abundance in historical ecology is a very less travelled around 
area in SMI. Not much references of previous work could be 
accumulated for a sound background understanding of the 
previous state of these colonies. Haider (1992) recorded four 
species of corals under the genus Acropora along with ten more 
genera e.g. Stylocoeniella, Pocillopora, Stylophora, Porites, 
Povona, Favia, Favites, Pseudosiderastrea, Goniastrea and 
Montastrea under six families. Later, in another study, 66 
species in 22 genera and 10 families (Khan 1985, Tomasick, 
1997) of hard corals with most abundant Porites, Acropora, 
Favites, Goniopora, Cyphastrea and Goniastrea have been 
documented along with some soft corals belonging to six 
families with a maximum cover of 7.6% and colony density of 1.3 
m-2 (Rahasuriya et al., 2000). In this same paper the authors 
estimated the percentage destroyed prior to 1998 was 20-30% 
with a very low rate of potential for recovery. More rigorous 
studies are needed for understudying the current status.  
From the above conceptualized theories of representativeness, surrogacy, vulnerability and 
sensitivity context corals do perform as a potential actor to be used for the ecosystem boundary 
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delineation of the adjacent marine area of SMI. Corals can act as a very good surrogate according to 
the aspects listed above and assessing the merit of it as listed below. We also suggest that, with an 
extended period of time, a more sound and rigorous understanding of this can be provided with 
scientific evidence. Along with corals the potential surrogates can also be sea-grass beds which in 
turn can be included within the ecosystem boundary to be delineated.  
Table 2. Assessing the merit of coral colonies around SMI to perform as scientifically sound surrogate housing the 
attributes of interest in the MPA system  
Serial 
no. 
Attributes Relevance/importance/
level of performance  
Reasons  
1 Vulnerability  Very high  The coral colonies are highly vulnerable to 
anthropogenic impacts. They are prone to 
irreversible negative changes due to changed 
ocean use practices, over fishing, coral mining 
(extensive coral collection back in 90s which 
though has decreased but has already harmed 
the abundance to a great level estimating 30 000 
coral colonies being collected leading to a 24% 
population decline, destructive gear use etc.). 
2 Sensitivity to human 
impact 
Very high Directs impacts: Corals are extremely sensitive to 
pollution, excessive sedimentation (the combined 
discharge of sedimentation from the Ganges, 
Brahmaputra and Meghna contributes 6% of the 
total world’s sediment input in the oceans. Along 
with that and other human induced flux of 
sediment due to excessive boat and ship 
movement), waste discharge from the 
commercial hotel businesses, deforestation, 
agricultural practices, destructive tourist activities 
and other human induced components.  
 
Indirect Impacts: Climate change, natural threats 
such as cyclonic storm, tidal surge, decrease in 
the salinity level in the rainy season, silts from the 
Naaf river obstructing the development and to 
some extent the survival of the coral colonies. 
3 Repository of other 
species 
Very high Algae, coral oriented fish community (86 of them 
are coral reef associated fish estimated to exceed 
100 in number if properly documented 
(Tomascik, 1997; DOZ, 1997) and biota that need 
to be documented in special relation to SMI.  
4 Source of natural 
products of human 
interest  
Not much  Given that, this is not a reef but only off-shore 
patches of coral colonies and has lost much of its 
abundance and coverage in the past decades, 
these do not act as a good source of natural 
products but we suppose if proper nursing 
ground is provided and if the coral colonies are 
revived then, there is a high chance that this 
would work as a good source of natural products 
as in other countries with a good coverage of 
coral colonies.  
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Serial 
no. 
Attributes Relevance/importance/
level of performance  
Reasons  
5 As an indicator to 
climate change or 
other bio-physical 
status of the marine 
environment  
Good Indicator of ocean health aka the blue planet. 
There is fair amount of chance that it is heavily 
affected by the recent global warming but it 
needs more specific research to be nominated as 
one of the climate change indicators 
6 Representativeness Very high The distribution area of the corals with different 
zones to be suggested later in the paper, will also 
house the seagrass beds and subsequent nursery 
for fish breeding, coral fish stocks, the movement 
pathway of endangered marine turtles, benthos, 
and supposedly many other biota (yet to be 
researched/documented/known) of that area etc.  
7 Focal/flagship/indic
ator/keystone 
species 
High  Keystone species: Assuming corals, Sea cucumber 
and Molluscs etc. as we need more research in 
this area to denote such category. 
8 Highly threatened 
species (according 
to the IUCN Red list) 
Needs to be studied - 
9 Distinctiveness from 
habitat perspective 
Needs to be studied - 
10 Species diversity Very high As a proof of this, a list of species found and 
identified is given in the result section. With more 
surveys we estimate more species can be 
recorded.  
 
 
 
 
 
 
3.3. Identification and delineation of key biodiversity area 
Identification of Key Biodiversity Areas is a criteria based methodology to identify areas of greatest 
species survival and conservation needs, (Edgar et al., 2008a and b, Foster, 2012; Margules and 
Pressey, 2000). Very briefly, this methodology includes identification of target species using 
irreplaceability and vulnerability (IUCN’s criteria of vulnerability of species prone to extinction); 
mapping the sites or locality where these are found; and finally delineating the boundary of these 
species for management plan or protected area framework (Edger et al., 2008b). Hereby, 
vulnerability has been described as the threat level of a given species or ecosystem. It accounts the 
scarcity of that particular entity in the given time to ensure urgent conservation action. While 
Key Biodiversity Area identification is a criterion based methodology whereby the sites are 
selected by the identification of target species using irreplaceability and vulnerability (IUCN’s 
criteria of vulnerability of species prone to extinction); mapping the sites or locality where 
these are found; and finally delineating the boundary of these species for management plan or 
protected area framework 
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irreplaceability is more related to the species’ extent towards space rather than time, where it 
occurs. It will very well describe if the species of interest occurs in that particular place or 
somewhere else as well. The sites having high level of both the criteria of vulnerability and 
irreplaceability are referred to be in immediate conservation action plan, while the significance from 
the conservation perspective is less where there are less threatened species or ecosystem and if 
they reside in more areas. Within these criteria, multiple sub-criteria have also been developed for 
proper evaluation and measurement of these criteria (Foster et al., 2012). Adapted from Edger et al., 
2008a; Foster et al., 2012 compiled the criteria into a tabular form as follows:  
Table 3. KBA criteria 
Criterion Description Sub-criterion Threshold 
Vulnerability Regular occurrence of a 
globally threatened 
species (according to the 
IUCN Red List) at the site 
 Regular presence of a single 
individual for Critically Endangered 
(CR) and Endangered (EN) species; 
Regular presence of 30 individuals 
or 10 pairs for Vulnerable species 
(VU) 
Irreplaceability Site holds X% of a species’ 
global population at any 
stage of the species 
lifecycle 
Restricted-range species 
(species with a global 
range less than 50,000 
km
2
) 
5% of global population 
at site 
Species with large but 
clumped distributions 
Globally significant 
congregations 
significant source 
populations 
5% of global population at site 
5% of global population at site 
1% of global population seasonally 
present at site 
Site is responsible for maintaining 
1% of global population 
 
As the criteria have been adapted from IBAs and IPAs, the thresholds are as follows applied to these 
areas. For marine KBAs, these thresholds need to be articulated according to found species and 
species of interest keeping with the goals to be fulfilled. The following table has been taken from 
Foster et al., 2012 for a better understanding of the above described theory of criteria generation for 
irreplaceability.  
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Table 4. Irreplaceability sub-criteria description 
Criteria  Definition 
A1 Species of global conservation concern Site regularly holds significant numbers of a 
globally threatened or near-threatened species 
A2 Assemblage of restricted-range species Site is known or thought to hold a significant 
component of the restricted-range bird species 
whose breeding distributions define an 
Endemic Bird Area (EBA) or Secondary Area 
(SA). 
A3 Biome-restricted assemblages The site is known or thought to hold a 
significant component of the group of bird 
species whose distributions are largely or 
wholly confined to one biome. 
A4 Congregations I. The site is known or thought to hold, on a 
regular basis, 1% of a biogeographic 
population of a congregatory water bird 
species. 
II. The site is known or thought to hold, on a 
regular basis, 1% of the global population 
of a congregatory seabird or terrestrial 
species. 
III. The site is known or thought to hold, on a 
regular basis, 20 000 water birds or 10 
000 pairs of seabirds of one or more 
species. 
IV. The site is known or thought to exceed 
thresholds set for migratory species at 
bottleneck sites 
 
Similarly the criteria for IPAs adapted from Anderson, 2002 and taken from Foster, et al., 2012 is as 
follows:  
Table 5. Criteria adapted for IPAs 
Criteria Description Threshold  
A (i) - Threatened species Site contains globally threatened 
species 
 
A (ii) - Threatened species Site contains regionally threatened 
species 
All sites known, thought or 
inferred to contain 5% or more of 
the national population can be 
selected. 
A (iii) - Threatened species Site contains national endemic 
species with demonstrable threat 
not covered by A (i) or A (ii) 
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A (iv) - (Threatened species) Site contains near 
endemic/restricted range species 
with demonstrable threat not 
covered by A (i) or A (ii) 
 
B - Botanical richness Site contains high number of 
species within a range of defined 
habitat or vegetation type 
Up to 10% of the national resource 
(area) of each habitat or 
vegetation type. 
C - Threatened habitat or 
vegetation type 
Site contains threatened habitat or 
vegetation type 
All sites known, thought or 
inferred to contain 5% or more of 
the national resource (area) of 
priority threatened habitats can be 
selected, or a total of 20-60% of 
the national resource, whichever 
is the most appropriate. 
 
These criteria need to be mended according to the species and area of interest. Though these are 
mostly terrestrial KBA planning but similar thresholds and criteria can be used to delineate the 
marine KBAs as well. Examples will be discussed in the next part of the report. But most importantly, 
under the same internationally accepted criteria for KBAs, a customized sub-criteria threshold needs 
to be generated for the marine area of interest with proper scientific and epistemological 
background.  
These criteria were derived from the protected priority areas like IBAs (Important Bird Areas) for 
birds and IPAs (Important Plant Areas) for pants but shows differences depending upon the species 
or areas of interest. The Species Survival Commission/World Commission on Protected Areas Joint 
Task Force on Biodiversity and Protected Areas is undertaking a process to evaluate the merit of 
these criteria for other important taxa and biomes as well; refining them where necessary and 
modifying to standardize these to identify all the areas comprising of important and threatened 
biodiversity (Foster et al., 2012). 
Site which holds a population of significantly important species enlisted in the criteria of 
vulnerability by IUCN (Critically Endangered, Endangered and Vulnerable), can be a good candidate 
to be designated as a KBA. For example, Hellshire Hills in Jamaica qualifies as a KBA because of the 
presence of three threatened species: one mammal and two birds (Anadón-Irizarry et al., 2012; 
Foster et al., 2012). 
The criterion of Irreplaceability is subdivided into sub-criteria mentioned in Table 3 above. According 
to Foster et al., (2012) they are being described as follows:  
One of the very important sub-criteria concerned with irreplaceability is ‘Restricted range species’ 
meaning a species having a small area to be used as its global range. If a site of interest holds ≥5% of 
the population of one or more species of restricted range than it might very well qualify for this 
criterion. Then again there is a question of threshold. For terrestrial vertebrates the range has been 
decided to be 50 000 km2 while for restricted range plant species the threshold has been 
appropriated to be 5 000 km2 (Yahi et al., 2012).  Djurdjura in Mediterranean Algeria is a good 
example qualifying for this sub-criterion as it holds 27 such restricted range plant species. But a 
drawback is the scarcity of detailed population data, hereby the closest possible solution is to use 
surrogate data such as range size; common sense might be used understanding that 5% of the 
population might reside in that area such as if it is endemic or half of the entire population resides in 
one single spot etc. (Foster et al., 2012) 
As per marine area in consideration, the considerable range of the species and the criteria needs to 
be amended according to need, the species found and conservation goals. 
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Because of the very evident 
differences in the environment, 
geophysical features, range and 
mobility of the present species 
and the medium of the 
terrestrial and marine system, 
the KBA criteria currently applied 
for the terrestrial situations 
needs modifications for the 
effectiveness of the Marine KBA 
to be proposed. 
The second sub-criterion of irreplaceability is concerned with congregations of a species. The 
congregation size and its definition needs more study but according to the decided threshold, a site 
of interest may be triggered if it holds congregations of a species’ in numbers exceeding 1% of the 
global population. Hereby, using surrogates or estimates are necessary again as population data of 
most species are lacking. One good example of KBA triggered by this criterion is Buguey Wetlands, in 
Luzon, Philippines. It holds five congregatory bird species and thus qualifies as an important KBA 
(Ambal et al., 2012). This sub-criteria has been used specially for birds till date but it can very well be 
used for bats, spawning congregation of fish etc. (Edgar et al., 2008). 
Hereby, finding the congregation of species with a significant population size in important hence 
needs the identification of such species with proper population data and/or using surrogates to 
understand the trend and the size of the population or 
congregation in different season and in the sites to be 
considered in the marine area of interest.  
The 3rd sub-criteria for which the threshold is still to be 
addressed is concerned with bio regionally restricted 
assemblages. If a KBA is to be triggered under this 
sub-criteria then the particular site has to accommodate a 
significant amount of the species restricted to a particular 
bioregion. A good example of a KBA triggered under this 
sub-criteria is Indo-Burman-Tam Dao in Vietnam. Hereby, 39 
bird species restricted to the Sino-Himalayan Subtropical 
Forests Bioregion, and nine restricted to the Indochinese 
Tropical Moist Forest Bioregion are present and hence a 
KBA is declared (Tordoff and Baltzer, 2012; Edgar et al., 2008). 
To fulfil this sub-criteria, a proper understanding of endemism and the locally or regionally 
distributed species is needed with population status and conservation need.  
As the idea has been generated for birds through IBAs in 1980s by Bird Life International and later 
for IPAs and many other adapted forms for different species (butterflies, mammals, amphibians, and 
other vertebrate taxa etc.) (Edgar et al, 2008; IUCN draft report) the thresholds are made according 
to that. For marine KBAs, similar tested thresholds and criteria are in the making and many examples 
are reviewed for the generation of a data-driven criteria set-up and the proper effective threshold 
for the ranges to be counted for the Species of Interest.  
3.4. Marine Key Biodiversity Area 
The most comprehensive adaptation of KBAs networks framework which is applicable to marine 
areas has been documented and published by Edgar et al., (2008a) and has been tested in Galapagos 
Island. This is the framework that is going to be used for the current project of ecosystem boundary 
delineation for the pilot site of St. Martin’s Island with possible, feasible and important adaptation in 
context with this area and study background and goals keeping the standards mentioned in 
published literatures.  
Because of the very evident differences in the environment, geophysical features, range and 
mobility of the present species and the medium of the terrestrial and marine system, the KBA 
criteria currently applied for the terrestrial situations need modifications for the effectiveness of the 
Marine KBA to be proposed. More so, these also include greater connectivity and faster turnover 
rates of marine systems. The situation of scarce data availability of marine taxa for their distribution, 
status, threats etc. (Steele, 1991; Edgar et al., 2008; Carr et al., 2003) of marine system also pose 
problematic situation and hence needs amended criteria to be able to come up with effective 
priority areas.  
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There is an ample need of modification to designate the Marine KBA under the criteria discussed 
above. To address this issue on 1-3 August 2005 a ‘Marine KBA development workshop’ was held in 
Washington DC. 30 researchers and scientists working in this field were involved. This workshop 
aimed to determine whether the criteria and threshold which have been set for terrestrial KBA can 
be used as they are or need to be modified while being used designating marine KBAs (Edgar et al., 
2008b). Table below lists the marine KBA criteria that were consensually agreed by workshop 
participants: 
Criteria and thresholds provisionally considered appropriate for the identification of marine KBAs 
(adapted from Edgar et al., 2008b) 
Table 6. Criteria of marine KBAs 
Criterion  Description Sub-criteria Provisional thresholds for 
triggering KBA status  
Vulnerability Regular occurrence of a globally 
threatened species (according 
to the IUCN Red list) at the site 
 Regular presence of a single 
individual for Critically 
Endangered (CR) and 
Endangered (EN) species; 
regular presence of 30 
individuals or 10 pairs for 
Vulnerable species (VU) 
Irreplaceability Site holds X% of a species global 
population at any stage of the 
species’ lifecycle 
(a) Restricted-range 
species 
(b) Species with large but 
distinct distributions 
(c) Globally significant 
congregations 
(d) Globally significant 
source populations 
Species with a global range 
less than 100 000 km
2
 
5% of global population at 
site 
5% of global population at 
site 
1% of global population 
seasonally present at site; 
Site is responsible for 
maintaining 1% of global 
population 
 
These criteria need field testing hence here the thresholds are provisional and there is a window to 
tweak according to the need and evidence of conservation needs and also the human perspective of 
the area, in a participatory manner. 
3.4.1. Vulnerability criteria for marine KBAs. 
In the easiest way, vulnerability is understood as the degree of which any species is prone to 
extinction. The very popular and till date most scientifically approached quantitative measurement 
of extinction risk assessment of species is the Red list. Three groups of threatened species with 
descending level of vulnerability are addressed by the Red list. These are Critically Endangered (CR), 
Endangered (EN) and Vulnerable (VU) species. There are other categories as well, such as: as Extinct 
(EX), Extinct in the Wild (EW), Near Threatened (NT), Least Concern (LC) and Data Deficient (DD). 
This categorization and the standardized threshold are created based upon the information of 
population size, population trends, distributional range and persistence of threats. An example could 
be, if the population size of a species has been declined by >80% over a long period of time and the 
threat is still there then it is categorised as CR (Edgar et al., 2008b). 
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Being heavily biased to the large and charismatic marine fauna, the Red list needs to be updated and 
work needs to be done to include invertebrates and many other species which are at the verge of 
extinction and currently in need of immediate conservation intervention. The lack of global 
vulnerability assessment of marine fauna till date needs to be overcome by the IUCN Global Marine 
Species Assessment (GMSA; http://www.sci.odu.edu/gmsa/). The goal of this is mainly to assess the 
Red list threat status in a systemic way for the main marine taxa namely, reef fish, corals, sharks and 
rays, kelp, seagrass etc.  
3.4.2. Irreplaceability criteria for marine KBAs 
According to the theory of criteria generated for IBAs, IPAs and adapted for the marine KBAs, these 
can be identified using the following irreplaceability criteria also briefly documented in the above 
mentioned table. 
 Range-restricted or endemic species;  
 Highly clustered or clumped species;  
 Species that congregate in a site even temporarily/congregatory species; or  
 Source species which means a sub-population of a species that generates a significant 
amount of recruitment (Edgar et al., 2008b). 
Though the criteria are the same, the thresholds for them are proposed by Edgar et al., (2008) after 
being adapted for marine areas which has been mentioned above. The primary drawback of this 
criterion to be used properly is the lack of range data of marine or even any species of the earth. 
Even the level of thresholds of this range-restriction or clumped species needs more precise and 
scientifically sound definition and background than any arbitrary number generation. There is an 
immediate need for more comprehensive and detailed global analysis of the species range. Till then 
sites that need to be considered under the “restricted range” sub-criterion can use the extent of 
occurrence or EOO (IUCN, 2001) of less than 100 000 km2. A larger distributional range in 
comparison to the previously used 50 000 km2 for terrestrial areas (Langhammer et al., 2007) 
because of the greater mean range size for marine species. According to Allen, 2005; Hughes et al., 
2002; Allen, 2007), “Approximately 3% and 4% of Indo-Pacific reef coral and reef fish species, 
respectively, are defined as range-restricted using the 50 000 km2 EOO threshold, and 3% and 9%, 
using the 100 000 km2 threshold”. In relation to this Eken et al., 2004 stated, “This compares with 
approximately 25% of all bird and mammal species, and 60% of amphibian species, that fall within 
the 50 000 km2 EOO used for terrestrial taxa. The occurrence in a site of, provisionally, 5% of the 
population (or range) of a ‘restricted-range’ species would be required to trigger the identification of 
a KBA under this criterion.” 
Another sub-criteria of irreplaceability of identifying “Bio regionally-restricted assemblages” is very 
scarcely applied to terrestrial KBAs which hold “a significant proportion of the group of species 
whose distributions are restricted to a biome or to a subdivision of it’ (Eken et al., 2004)” with no 
example of use in the marine system. The definition and the extent of Bio regionally-restricted 
assemblages are not clear and needs proper theorization to form a standardized uniform threshold.  
It has been suggested that, it should be postponed to be used in the marine sites until the following 
has been conducted: the methodologies used to define biomes, congragetions, assemblages of 
species etc. are in need of further exploration; the classification describing the different bioregions 
of the marine system needs to be analysed and most importantly the various data-hungry and very 
important aspects of the marine biodiversity needs to be identified which has not yet been captured 
in these criteria discussed so far (Edgar et al., 2008a,b). 
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Species which are range 
restricted or endemic, clustered 
or clumped, if congregated in a 
restricted area even 
temporarily, or capable of 
generating a significant amount 
of recruitment; are eligible to 
trigger the criteria 
Irreplaceability 
Though the KBAs are 
identified solely on 
biodiversity values, this is 
not in isolation with 
people and the interest of 
them. In fact, the local 
stalk-holders have a very 
important part to play in 
management and 
maintenance of these 
areas in practice, which is 
the ultimate goal of 
conservation if expected 
to sustain in the long run. 
These areas can be 
managed through the 
formal IUCN class of 
protected area (I-IV) or 
can also by other people 
participatory means such 
as: community conserved 
areas, 
community-reserves, 
indigenous reserves, 
catchment management 
etc. 
3.4.3. Limitations of marine KBAs 
The key criteria to trigger a KBA are vulnerability and irreplaceability. So, any shortcoming assessing 
and defining these terms including the sub-criteria will certainly 
weaken the framework. Though the idea of marine KBAs has taken 
the traction from the long practiced IBAs and IPAs, scientifically 
acclaimed tested and applied in many different countries, it is not 
long that the adaptation of the criteria along with its thresholds of 
marine KBAs are in action. Very few case studies where marine 
KBAs have been delimited or in practice were found. Which makes 
it a very pioneering work till date to delineate the ecological 
boundary keeping KBAs as the major tool for conservation priority 
schematization. This leaves a great deal of room for improvisation 
but still can also act as a drawback for making it a sole scheme with 
a good deal of uncertainty in parameterization of the criteria in 
need in different contexts in different countries or in areas with 
different background or conservation need or even with difference 
in species ranges, ecological characteristics etc. And more so with 
the uncertain level of thresholds in context of different species in 
consideration this does not play along with the uniform 
standardization of global KBA network generation.  
The IUCN Red list is the tool used for the assessment of the degree 
of vulnerability of the species in concern in KBA identification. But 
a prime drawback of using it is the incomplete and biased nature of 
this list leaning towards large, charismatic and very vastly 
distributed vertebrate taxa (Rodrigues et al., 2006) especially when 
marine fauna is concerned. It has been stated that only 19 benthic 
marine invertebrates (twelve molluscs, four crustaceans, one 
polychaete, two cnidarians) and one marine plant have been 
assessed as threatened and entered on the 2006 IUCN Red list, 
surely an insignificant proportion of the number that is actually threatened (Edgar et al., 2005; Edgar 
et al., 2008). Surely, after 2006 a lot more work has been done to update and add more to the list, 
but still the amount is far behind to include many marine fauna with immediate probability of 
extinction if not completed.  
Though in some countries where marine resources are very well documented and well-researched, 
the species which are endemic to an assessment region can be supplemented with a little more 
effort can find their way to the Red list. Nevertheless, such efforts or listing procedures are 
incomplete even from very well-documented areas such as Australia and literally absent in many 
different countries (Edgar et al., 2005; Edgar et al., 2008a,b).  
The issues in the development and implementation of an optimal and effective marine KBA in link 
with the identification, delineation and then prioritization 
for the movement of conservation of resources are an 
ongoing challenge and still in the process of finding its 
absolutely scientifically backed and globally uniform 
methodology. Edgar et al. (2008a and b) has briefly compiled 
the outstanding issues which are as follows: 
As the distributional databases of species are heavily biased 
and incomplete in nature, the KBA network can also be 
imperfect with a heavy bias towards well-studied sites and 
species. The assessment of the percentage of global 
population present in a site is almost infeasible given that, 
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good population data is scarce for most species. Hence, using the irreplaceability threshold criteria 
becomes difficult. 
Wide ranging species are also difficult to be associated in these criteria and delimit an area of 
interest triggered by them as KBA. For example: Napoleon wrasse Cheilinus undulatus (Donaldson 
and Sadovy, 2001) and Green turtle Chelonia mydas (Edgar et al., 2008b) are globally threatened but 
occur widely, whereby the situation might be created that majority of the global coastline is 
designated within KBAs (Edgar et al., 2008b) and boundaries of designate KBAs can be manipulated 
according to interest of people to fulfil particular aim not of the best interest of species protection 
and so on.  
In a very comprehensive paper by Foster et al., (2012) a comparison in the seven different regions 
which have identified KBAs were made and thus presented a compact picture of the challenges that 
were faced while working with the criteria. They have experienced limitations within the following 
broad four criteria, namely, challenges in using the IUCN Red list as the basis for the vulnerability 
criterion; discrepancies in application of the criteria in identifying important sites for different 
taxonomic groups and in different regions; application of provisional thresholds for restricted range, 
and lack of related data for some groups and delineation challenge with scarcity of proper data.  
The tables they have used to compile showing the methodological and other limitation comparing 
these seven regions are given below to have an overall picture to understand the challenges to be 
faced while the boundary for KBAs is delineated. 
Table 7. Methodological challenges of KBAs delineation 
SL 
no. 
Issue/method 
application 
Japan Caribbean Philippines Upper 
Guinea 
Macedonia Algeria 
(Mediterr
anean) 
Indo-
Burma 
1 IUCN Red list 
not up-to-date 
X    X X  
2 IUCN Red list 
requires greater 
taxonomic 
coverage 
X X X  X X X 
3 Threshold used 
for restricted 
range 
50 000 50 000 50 000 50 000 5 000 and 
500 for 
plants; 
50 000 for 
birds 
5 000 
and 
1000 for 
plants 
50 000 
4 Lack of 
population data 
for thresholds 
X  X X X X X 
5 Used protected 
areas as a 
starting point 
for delineation 
X  X X X  X 
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6 Incorporated 
manageability in 
delineation 
decisions 
X     X  
7 Used biological 
units to 
delineate 
X    X  X 
 
This table gives us an overall picture of what sort of challenges different areas faced to apply the 
criteria threshold to delineate the KBAs. Though these examples are of terrestrial systems, still we 
can have an idea to prepare to act against these challenges beforehand. 
With all these limitations and drawbacks, still KBAs act as a uniform tool for conservation priority site 
selection keeping enough room for adaptation according to context of the site and conservation 
needs and goals. This keeps the opportunity open to work more on this when more data is available 
and more improvisations of data type and new data is available through time. Given that, the 
delineated boundary itself will be dynamic in nature and is in need for continuous re-evolution in a 
timeline and will be in need for continuous updates with evidence and need base approach of 
conservation, this window of improvising the data type can also play a pivotal part.  
In the cases where global or local data is unavailable or poor in nature proxies need to be used 
playing similar roles of that attribute. Such as, where population data are poor and the second 
challenge applies, proxies such as global percentage of suitable habitat or range polygons for all sites 
at which the species is known to occur can be used to generate proportionate population estimates. 
These estimates should subsequently be refined as better data become available (Edgar et al., 
2008b).  
Another challenge for KBAs generation is the viable and variable potential size with dimensions 
namely, scale, local management units etc. and the extent to which the habitat to be considered 
necessary to accommodate the population of the species that had triggered the KBAs at the first 
place.  
A standardized uniform marine KBA delineation method is still in the processing stage and finding its 
way through different practice and practical works. Suggesting and supporting this statement it has 
been reported by Edgar et al., (2008b) that, “although methods for working through various 
contrasting KBA delineation scenarios are outlined in Langhammer et al., (2007), In many cases, 
appropriate KBA boundaries are self-evident, such as for species endemic to small islands, existing 
MPAs, or individual estuaries.” 
3.4.4. Rational behind marine KBAs 
The alarming rate of biodiversity loss specially in the marine system due to lack of proper 
documentation and the need of highly resource and time consuming field surveys against the global 
resource constraint and investment for conservation, scales up the problem for today’s world. The 
immediate need to move conservation resources needs priority areas and KBAs act as a very 
effective tool for identifying a set of such areas of interest encompassing the most vulnerable areas 
with interest in most extinction prone species. This is a global scientifically accepted tool with 
standardized methodology which serves a uniform ground for prioritization for conservation action.  
Though the KBAs are identified solely on biodiversity values, this is not in isolation with people and 
the interest of them. In fact, the local stalk-holders have a very important part to play in 
management and maintenance of these areas in practice, which is the ultimate goal of conservation 
if expected to sustain in the long run. These areas can be managed through the formal IUCN class of 
protected area (I-IV) or can also by other people participatory means such as: community conserved 
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areas, community-reserves, indigenous reserves, catchment management etc. (Eken et al., 2004; 
Langhammer et al., 2007; Edgar et al., 2008b).  
According to Edgar et al., (2008) the “site” in the KBA context landscape or seascape refers to one 
manageable unit which can be delineated on a map, comprising of the important habitats of species 
in concern with urgent need for conservation action and most importantly can be maintained as a 
single unit for conservation or management purpose.  
In practice the flexibility it poses in relation to the size of the KBA unit, it can make it a very 
pragmatic conservation unit whereby all the ecological aspects (gene flow of a population, 
vulnerability, restricted range of species etc.) along with the cultural and participatory management 
aspects through maintenance can be addressed.  
In the marine context, the standardized KBAs can be easily and successfully put in place of MPAs and 
can serve the purpose with significance. The effectiveness of delimited KBAs acting as MPAs will 
always depend on the management capacity and tactic but none the less can be scientifically 
theorized proposed framework for MPAs.  
As mentioned and discussed before, there are some outstanding issues in the development of KBAs 
which should not undermine the positive aspects of this globally acclaimed tool for ecological 
boundary delineation and also to fulfil prioritization schemes for conservation goals. Edgar et al., 
(2008) very briefly stated the possible positive aspects of marine KBAs. According to this paper,  
(i) As KBAs are well defined in different forms of IBAs, IPAs or Alliance for Zero Extinction, 
hence many KBAs are already identified in many countries making it easier to use the criteria 
and the thresholds.  
(ii) If the data are present KBAs do not bias in different taxa and take all of them in account. 
(iii) Depending on the scale of the sites, all the data existing for the biodiversity that are in need 
for immediate conservation is taken into account. 
(iv) Data available from any species level can trigger KBA keeping the room for immediate and 
iterative updating while more data become available. 
(v) Depending upon the availability of necessary data it is inexpensive and straightforward to 
delimit KBA and can be completed within a short period of time.  
(vi) Though the management, leadership and ownership of KBAs are more local or sometimes 
regional or national but it actually maintains unique global standards allowing room for 
comparing and consistency (Edgar et al., 2008b). 
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Marine algae 
In a very novel approach 
scientists are 
incorporating marine 
algae as a trigger species 
to delimit IPA. Though 
most of the marine algae 
are not assessed by the 
IUCN Red list 
4. Review of examples for boundary delineation and the case of SMI 
Both in terrestrial and marine systems the ecological boundary delineation can be done taking 
different approaches and methodologies keeping in mind the conservation goals and most 
importantly the data that is available or attainable. Till date different countries have tried and 
delineated ecological boundary encompassing priority area to be protected. Reviews of some 
examples of such cases are briefly compiled in the next section, most related to the case of SMI.  
4.1. Approach taking KBAs network as a tool for ecological boundary delineation 
1. As the paper theorized by Edgar et al., (2008b) has been 
mostly followed for the framework generated for marine KBA 
delimitation, the example of Galapagos Island where this 
theory was tested is a very good example to be counted on. 
Galapagos Marine Reserve was a very potential pilot site to 
test the KBA methodology adapted for marine systems. Being 
a globally acclaimed World heritage area accommodating 
quite a lot of threatened marine species including 16 
mammals, birds, reptiles and fish recognized by IUCN Red list, 
and an “additional 25 endemic fish, mollusc, crustacean, 
echinoderm, coral and macro algal species” it is significantly 
important from the conservation perspective. The ongoing 
anthropogenic threats like overfishing, availability of newly 
attained data like distribution of marine macro algae and 
animals also triggered the application of KBA methodology in 
this area.  
Through 300 boat days and 3000 dive hours along with two 10 
days research cruises experts on seaweeds, fishes, molluscs 
and corals collected data from all 15 islands on threatened 
and target species. Through the procedures of identification of 
target species, mapping the localities of these species, 
application of KBA criteria using population abundance and trend data, ultimately the boundary 
of the KBAs were delimited. A rigorous study of the historical data of the species was done along 
with a Red List workshop.  
Very interestingly, Galapagos marine KBA was not only based on the categorization of the 
threatened species recognized on the Red list but also on the endemic species belonging to the 
major taxonomic group which are not recognized by the Red list but pass the criteria. 
Out of 38 inshore key biodiversity areas which were identified, 27 of them are protected from 
fishing to be the ‘No-take’ tourism or conservation zone. The paper concluded saying that, “All 
key biodiversity areas should be protected from extractive exploitation if threatened species are 
to be safeguarded. This can be achieved, at the minimum, through a relatively minor amendment 
to the existing marine zoning scheme, whereby an additional 2% of the coastline is dedicated to 
conservation"(Edgar et al., 2008a). 
2. A study trial was conducted by several researchers in 
Melanesia by using the KBA delineation methodology for wide-
ranging species such as turtles. As one of the criteria of KBA 
demarcation is restricted range species, this was a trial for 
adapting it for marine species which are very wide-ranging. 
Data were collected from the Melanesian region, and using the 
standard criteria for marine KBA approach they tested a wide 
range of thresholds for population of five different species of 
turtles with some adaptations. The study came to a conclusion 
Galapagos Marine Reserve  
Through 300 boat days and 
3000 dive hours along with 
two 10-days research cruises 
experts on seaweeds, fishes, 
mollusks and corals collected 
data from all 15 islands on 
threatened and target 
species. Through the 
procedures of identification 
of target species, mapping 
the localities of these species, 
application of KBA criteria 
using population abundance 
and trend data, ultimately the 
boundary of the KBAs were 
delimited. 38 inshore KBAs 
were identified 
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that the standard KBA threshold is applicable for marine turtles. In the six Melanesian nations, 
KBAs were identified and delineated depending upon the threshold of 10 breeding females and 
54 male marine turtles (Bass et al., 2011). 
3. Comprising of about 7 100 distinct islands the Philippines is the earth’s second largest archipelago 
with a cumulative area of 30 million hectares. Very 
interestingly, within the only 3% of global surface it 
accommodates 20% of all known species of plants and 
animals. It has been labelled as the “Centre of marine 
diversity” by Carpenter and Springer (2005) as it supports the 
richest coral reef community on the planet. It is called the 
megadiverse country with more than 20 000 endemic species 
(Mittermeier et al., 1999). With these interesting features the 
Philippines is one of the most interesting and species rich 
countries to work with KBA methodology both in terrestrial 
and marine area. Following the global trend of alarming rate 
in biodiversity loss Philippines also needed to prioritize areas 
for conservation. For doing so they have taken KBA as an 
approach.  
In two different phases they have identified a total of 228 
integrated KBAs including 128 terrestrial and freshwater KBA 
and 123 marine KBAs in 2006 and 2009 respectively. 
According to the authors, “These KBAs represent the known 
habitat of 855 globally important species of plants, corals, 
molluscs, elasmobranchs, fishes, amphibians, reptiles, birds and mammals in the country” (Ambal 
et al., 2011). 
This procedure followed the process outlined and discussed in Langhammer et al., (2007) 
applying both the criteria of vulnerability and irreplaceability. The assured presence of one or 
more globally threatened species, classified as Critically Endangered (CR), Endangered (EN), and 
Vulnerable (VU) based on the IUCN Red list of threatened species, triggered the vulnerability 
criteria and the threshold that was proposed was 10 pairs or 30 individuals for species classified 
as VU (Langhammer et al., 2007) but only two (the presence of species with restricted ranges and 
globally significant congregations) of the four sub-criteria of irreplaceability were considered 
(Ambal et al., 2011).  
4. One very novel approach has been taken to incorporate marine algae as a trigger species to 
delimit IPA using three innovative IPA criteria in the UK. It has been stated, the criteria as “(A) 
significant populations of one or more species that are of global or European conservation 
concern; (B) an exceptionally rich flora in a European context in relation to its biogeographical 
zone; (C) an outstanding example of a habitat type of global or European plant conservation and 
botanical importance.” (Edgar et al., 2008). 
Over 83 UK sites were suggested to be potential candidates of these above mentioned IPA criteria 
while only nine were considered for the European IPA designation (Edgar et al., 2008). 
An extension of the IBAs for seabirds by Bird Life International is underway into the marine realm 
to incorporate breeding colonies of the seabirds.  
There are several examples of terrestrial KBAs network delimitation in different countries using 
the KBA criteria with slight modifications according to the need and data availability. These are 
not documented here as we are solely concentrating on the marine KBAs network generation.  
In the following sections, particular methods encompassing different important marine attributes 
in special context of Saint Martin’s Island have been proposed with a subsequent proposal of 
using a surrogate e.g. coral colony distribution around the island, to delineate the ecological 
boundary. We have also rationalized, how and why this works as a scientifically sound 
representative surrogate and can encompass many different attributes in need of proper 
Philippines 
In two different phases they 
have identified a total of 228 
integrated KBAs including 128 
terrestrial and freshwater KBA 
and 123 marine KBAs in 2006 
and 2009 respectively. 
According to the authors, 
“These KBAs represent the 
known habitat of 855 globally 
important species of plants, 
corals, molluscs, 
elasmobranchs, fishes, 
amphibians, reptiles, birds and 
mammals in the 
country”(Ambal et al., 2011). 
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protection and conservation. Later, in the studies to be done in the long run, along with coral 
colonies, seagrass beds, algal communities, fish nursery grounds and other important attributes 
will also be mapped. We suppose that the distribution of coral colonies and sea grass beds would 
encompass mostly all the important attributes (see Table 8 below) and will work as successful 
surrogates.  
This has given us the opportunity to generate and theorize our own idea of ecological boundary in 
the context of SMI with the background studies and framework rigorously studied from the 
literature. Hereby, for this study for delineating the ecological boundary of the adjacent marine 
area of SMI, we have taken coral colonies as a probable surrogate and the extent of its 
distribution will generate the ecological boundary encompassing the important attributes of the 
marine system, as we suppose through investigation and field studies.  
5. Methodological approach to delineate the ecosystem boundary of 
SMI-MPA 
According to the classifications, characterisation, approaches and principles that have been 
discussed previously and theorized from different literature and practical implications and practices, 
we have proposed to take integrated system of three different approaches to delimit the ecological 
boundary for the MPA framework to protect highest level of biodiversity in the area to mitigate the 
rate of biodiversity loss owing to anthropogenic impacts. The approaches with the suggested 
methods are as follows: 
5.1. Approach of delineating the ecosystem boundary by identifying the 
representative habitat using a scientifically sound surrogate 
To date the criteria representation is one of the most heavily used concepts to conserve terrestrial 
biodiversity or even to design protected areas. The idea says to conserve an area encompassing a 
wide range of habitat types, representing the most of the habitats by accommodating as many 
species as possible. (Fortin and Drapeau 1995; Fortin, 1997; Edgar et al., 2008; ANZECC, 1999). 
Hence, the planning of an MPA is concerned with dividing the seascape into mappable units such as 
bioregions or habitats, better using the stakeholder involved processes and then suggesting to 
protect the representative sub-sets. (Edgar et al., 2008a).  
To identify such a representative habitat the following steps are suggested: 
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Figure 3. Methodological steps to identify a representative site 
5.2. Approach to delineate the ecosystem boundary by addressing KBA 
The principles of delineating the KBAs network within an area have been documented in the 
previous section. For the practical application of this methodology in SMI context; it needs some 
modifications which can be discussed properly only after the field surveys are conducted around the 
seasons with maximum field efforts to make it a data-driven, transparent, effective and practically 
applicable management unit by which we mean delineation of the boundary of the ecosystem of 
SMI.  
For the methodology, for primal reference we have used the outline given by Edgar et al., (2008b) 
and Ambal et al., (2011) for marine KBA identification and Langhammer et al., (2007) for the basic 
reference. 
The steps to be followed to identify KBA in SMI are as follows: 
1. Identification of sites of interest  
For the primary selection of the sites of interest a preliminary field survey can be conducted. 
Previous studies, published papers, data reported by different NGOs, conservation groups, 
Report on Saint Martin’s Island ecosystem boundary, Bangladesh. 
27 
government and any other source need to be collected and studied rigorously. If available for the 
area to be worked on, AZE sites, IBA, IPA can be consulted for previously assessed data of the sites.  
2. Identification of target species  
The presence of species which will trigger the KBA needs to be identified through previous studies, 
field surveys. For this a full checklist of species from the selected sites can be the first step.  
3. Collection of important data on the target species  
The species distribution data and population data needs to be compiled for the proper application of 
the two criteria (vulnerability and irreplaceability) to these species to designate the KBA.  
Species distributional data are available in many different forms and formats. The point occurrence 
data can be collected from literature review, databases and museums. Along with that geographic 
range maps are of very good use for initial understanding of the distribution of the species. Field 
surveys will supplement these data with more precision.  
The well accepted thresholds designed by distinguished authors are stated as, “To know whether a 
site meets the KBA vulnerability criterion for a VU species, there should be reasonable evidence that 
the site supports at least 30 individuals or 10 pairs. Similarly, for sites thought to trigger the 
irreplaceability criterion, there should be evidence that the site supports 1% or 5% of the global 
population of the species” (Langhammer et al., 2007). For both of these criteria and the threshold 
the population data is mandatory.  
World Database on Protected Areas (WDPA), detailed national protected area datasets, information 
on land cover derived from remote sensing and/or detailed field surveys of small areas, Landsat 
mosaics of surface vegetation, habitat-type and land-use maps, political boundaries and 
management units can be of very important use. 
 
Figure 4. Methodological steps to identify KBAs 
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Though we doubt that a good amount of data of the species found in the SMI would be very scarce 
given that not much of the work has been done before and it is a marine system, still looking into 
these sources will be a very good start. Mostly, we have to depend on the national lists of the 
species of this area and field surveys.  
4. All the data needs to be compiled in data sheets for further analysis to apply the criteria and 
thresholds 
All the data of the distribution, vulnerability and population status found or generated through field 
surveys needs to be compiled in data sheets as the following. 
Table 8. Suggested data sheet for the species description in KBA identification 
Taxonomic 
groups 
Vulnerability Irreplaceability Total 
species 
triggering 
KBA 
 CE EN VU Restricted 
range 
Congregations Species with 
large but 
clumped 
distributions 
Bio regionally 
restricted 
assemblages 
 
Corals         
Seaweeds/ 
Seagrass 
        
Molluscs          
Coral fishes         
Amphibians         
Reptiles         
Birds         
Mammals         
Total         
 
5. Using the data compiled above KBAs are to be identified under vulnerability and irreplaceability 
criteria with all the sub-criteria 
Hereby, handling the data collected and also the gap analysis will be done according to Langhammer 
et al., (2007), adapted by Edgar et al., (2008) and for a practical example Ambal et al., (2012) will be 
followed.  
6. Delineation of KBA boundary 
Finally maps of candidate KBAs will be documented in a map. At the very beginning it is going to be 
very detailed with denotation of species point localities and habitat needs and then incorporation of 
socio-economic data for highly effective implementation of the conservation goals within the 
boundary (Langhammer, 2007). According to the methodology, delineation of KBAs will be 
interpreted as the ecosystem boundary of SMI and modifications will be made through the time with 
upcoming challenges in the data collection and interpretation.  
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7. The confidence level of KBAs will be determined 
The confidence level of KBAs can be determined by the confidence value of the species occurrence 
in that area (Langhammer et al., 2007). Though confirmed occurrence by sight records by an 
observer and suspected occurrence through uncertainly by the observer, records from local people, 
anecdotal report or historical data entry can determine the confidence level of the KBA delineation.  
Data type, data error and some more challenges to work with geographic data error needs to be 
kept in mind.  
6. Field survey, data collection and other logistic details 
6.1. Methods 
 
 
Figure 5. Methods used to collect data 
The survey methodology for the field survey applied the methods described by English et al., (1994) 
6.2. Activity details 
These activities were intended to form the basis for a data and information inventory and habitat 
profiling as a baseline for MPA establishment and future assessment of management effectiveness 
or need for changing management or controls and for proper policy making for future conservation 
and management of marine areas. As the existing boundary of the Ecologically Critical Area (ECA) of 
the SMI declared by DoE is mostly land based, this activity will also create an institutional base to 
delineate the marine area more accurately.  
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Manta tow 
The manta tow technique is used for broad-scale observation of large coral habitat systems. During 
the project, three events were planned to carry out in the selected areas. The technique involves 
towing an observer, using a rope and manta board, behind a small boat powered by an outboard 
motor. Tows are carried out in a constant speed (3-5 km or 1-1.5 knots or the equivalent to a slow 
walk) around the perimeter of the area and broken into 2 minutes duration. Factors such as currents 
and sea conditions define the tow speed. The observer towed following the boat will observe the 
bottom condition. During each 2 minute tow, observations will be made on several variables (e.g. 
cover of live coral, dead coral and soft coral). This information is to be recorded onto data sheets as 
categories. Additional information is to be collected, e.g. percent cover of sand/percentage of sand 
cover, rock and rubble etc. Number of specimens such as sea cucumber, feather star, calm etc. is to 
be sorted out. Basic information is to be collected on the habitat included but not limited to live 
coral, dead coral, soft coral, and sand/rubble.  
But due to poor visibility and strong wind during the survey no Manta tow was possible. 
Line Intercept Transect (LIT) 
The Line Intercept Transect is one method used to assess the sessile benthic community of coral 
reefs. The community is characterized using life form categories, which provide a morphological 
description of reef communities. These categories are recorded on data sheets by divers who swim 
along lines, which are placed roughly parallel to the reef crest (if present) at depths of 3 m and 10 m 
at each site, depending on the extent of reef development. It is a reliable and efficient sampling 
method for obtaining quantitative percentage cover data. A total of 5 transects were planned to be 
surveyed through the LIT process after conducting a Manta tow survey. 
But in absence of Manta tow survey there was need for more LIT. A total of 16 LIT were conducted, 
which is more than three times than planned. 
The technique has been used for objectives ranging from large-scale spatial problems with 
morphological comparisons of coral communities and studies assessing the impact of natural and 
anthropogenic disturbances.  
It is rapid, non-destructive and inexpensive. Other techniques including, photo flashing and video 
recording were used as required.  
Fish visual census 
Coral reef fish populations were assessed by the visual census of the fishes along 50 m transect. 
Transects will be censured during daylight hours using SCUBA. During the project period 3 transects 
were carried out in the selected area.  
Underwater videography and photography 
Underwater videography and photography sampling provides a highly precise quantitative estimate 
of coral cover and abundance of common benthic taxa. The video technique in combination with 
independent sampling, e.g. no need to establish permanent transects, has proven to be a statistically 
powerful methodology for comparison of univariate and multivariate parameters in repeat surveys 
of identifying sites of moderate - high coral cover (normally >20%). This method involves the 
recording of standardized belt transects using a number of replicating transects of pre-determined 
length and filmed from a standardized height (approximately 40 cm). Video footage was 
subsequently analysed to extract quantitative coral data using a point sampling method. Sites were 
selected following different depth contours and several geomorphological points. 
6.2.1. Diving effort/hours 
In the seven field visits from October 2014 to January 2015 a sum of 30 days dives were conducted, 
2-3 hours every day. Two members of the divers team conducted the whole underwater activities 
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whereas a team of three biologists were working on water-quality parameters, taxonomy and data 
management and analysis. 
6.2.2. Survey and sampling schedule 
Date Activity Area/group coverage 
25-30 September 2014  On land biological survey Terrestrial (and sand-dune) plants and mangroves  
  Amphibians, birds, reptiles and mammals 
4-10 October 2014 On land biological survey Terrestrial (and sand-dune) plants and mangroves  
Amphibians, birds, reptiles and mammals 
24-30 October 2014 Underwater photo and 
videography  
Off the east coast 
7-13 November 2014 Fish visual census and Line 
Intercept Transect  
Off the east coast 
17-22 November 2014 Visual documentation and 
physical sample collection 
Off the north western coast 
5-12 December 2014 Fish visual census Off the south coast 
16-23 December 2014 Line Intercept Transect Off the south coast 
31 December 2014 –  
7 January 2015 
Underwater photo and 
videography and water 
quality parameter collection 
In randomly selected sites 
 
6.2.3. Personnel 
 
Name Position Person no. Person time input 
Md Kutub Uddin Coordinator 1 4 months 
S M Atiqur Rahman Diving and Safety Consultant 1 4 months 
Dr M Niamul Naser Zoology, aquatic and marine 
resources 
1 12 days 
Dr Kazi Ahsan Habib Marine biology, Biotechnology 1 20 days  
Mohammad Eusuf Hasan Marine biology, Conservation 
management 
1 1 month 
Alifa Haque Biodiversity conservation and 
management 
1 3 months 
Prodip Kumar Dev Botany 1 9 days 
Md Hasibur Rahman Wildlife biology 1 9 days 
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6.3. Limitations of the present study 
The methods that have been theorized for the delineation of the ecosystem boundary of the marine 
area of SMI are highly scientific and technical in character. Hence, within this timeframe and 
resources, it is extremely unlikely that, this could have been implemented properly within the four 
months period. As a result a very preliminary study has been conducted with a suggestion of 
necessary and detailed work on this issue. Hence, the limitations of this study are as follows: 
• Time constraint: In this current study, only one partial season could have been studied while 
data for all the seasons is highly recommended to start with the analysis intended for 
ecosystem boundary delineation. To identify the threats and then generate and classify 
different habitats under the criteria of representation and then the set criteria of KBAs are in 
need of much time and analysis. A four month period of time to have that amount of data and 
then delineating the ecosystem boundary was scientifically improbable as well.  
• Insufficient diving hour: All of the main four data collection techniques; Line Intercept Transect, 
fish visual census, manta tow and underwater photo and videography requires diving. But 
hours available for diving were too insufficient to get a comprehensive picture of coral colonies. 
So, some randomly selected sites were surveyed to have an initial idea about the distribution of 
corals; and to decide if corals could have been used as a proper surrogate to act as the 
representative habitat for the delineation of the boundary; which is no way enough to 
delineate the ecosystem boundary of SMI. 
• Data and knowledge gap: There is a huge lack of previously collected dependable data on the 
marine system around SMI. Specially to study historical ecology, abundance, distribution and 
status of focal species or species in general, a great deal of difficulty had been faced due to lack 
of previous work in these areas. The modified theories and the criteria and threshold selection 
for KBAs keeping in mind the context of the studied area needs a very strong background of 
data of the selected sites and target species. Data on the marine habitats and species is highly 
scarce of SMI. As a result mostly this study will depend on the collected primary data.  
• Biasness of previously collected data: Data mostly collected on species of interest rather than 
from preparing an inventory of baseline data. 
7. Result  
The objectives of this current project were to; 
• Provide a method/framework to delineate the proper ecosystem boundary of the marine 
areas around SMI to be surveyed and documented in the coming years taking a longer 
period of time. 
• Delineate a primary map of the areas surveyed; denote the distribution and coverage of the 
coral colonies in the randomly selected sites. 
• Prepare a preliminary checklist of marine fauna and flora dependent or found near the coral 
colonies or in the areas surveyed. 
We will be framing this section gauging these points according to the outcomes of this study.  
7.1. Framework of ecosystem boundary delineation 
For delineating the ecosystem boundary of the marine system around SMI after reviewing the 
literature keeping in mind the context of SMI, two approaches have been suggested as discussed in 
the previous sections; namely: Identification of a representative habitat type (using a surrogate e.g. 
corals) and Identification of the KBA. Using the boundary of these habitats, depending upon high 
surrogacy and vulnerability respectively for these approaches the boundary of the ecosystem to be 
protected through MPA are proposed to be delineated.  
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In these four months of study with the previous three years of experience of underwater study, we 
suggest that, representative habitat type mapping is highly acceptable in this regard and then with 
modification in the KBA methodology in accordance with the context of the vulnerable species and 
their global population size with ranges which need to be researched, can act as a complementary 
approach for delineating the ecosystem boundary.  
As discussed and assessed the merit of coral colonies to be the surrogate in the representative 
habitat identification approach in the section 1.3, mapping the distribution of the corals around SMI 
would give a comprehensive boundary of this representative habitat and subsequently the 
ecosystem boundary. Hence, according to us this can act as a scientifically sound and well accepted 
approach to be taken further. But, the attributes that are selected in Table 2 namely, vulnerability, 
sensitivity to human impact, repository of other species, source of natural products of human 
interest, indicator of climate change, accommodative to keystone, flagship, indicator or highly 
threatened species, species diversity and distinctiveness must be assessed through more diving 
hours in more sites and the process should be replicated at least twice in two different seasons and 
then documented to be perfected. Mapping these areas will be the final outcome in delineating the 
ecosystem boundary.  
 
Figure 6. Some significant key findings 
For the next approach which is very new to be applied in the marine system in the international 
fraternity of marine conservation, yet very acclaimed to be the unified standard for marine 
protected area delineation is KBA. In this study, we have also assessed the merit of this approach 
and found out that, this approach needs modification and more data to be used. We have selected 
random sites and found out several vulnerable species to trigger KBA which have been documented 
in the next sections. For applying this approach and mapping the KBA sites, the further steps to be 
taken have been discussed in the last section of this report (Section 8. Way Forward). One very 
important concern in this regard is that, many of the marine coral fish and marine algae are not 
assessed by the IUCN International Red List category, hence need proper evaluation to be used as 
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trigger species for KBA delineation; as looking into the trend of degradation of habitat and the 
abundance, they seem very vulnerable locally. Some local documents and the status were assessed. 
7.2. Identification of possible marine KBA in SMI 
To start with delineating the ecosystem boundary of SMI taking the KBA approach, the first step was 
to locate the sites of interest. For the primary selection of the sites of interest a preliminary field 
survey was the best option given the very short duration of the project. As previous studies, papers, 
data collected and prepared with serious and comprehensive underwater survey in SMI’s marine 
area are not available, and the available data is not dependable in the eye of proposed approach and 
methodology, this present study is fully dependent on underwater survey of its own as in the 
primary data. After the sites were randomly selected, through underwater diving a visual census of 
the species found were documented (the list is given in a following section). Then from the IUCN Red 
list website, the degree of vulnerability was estimated from a global perspective. Hereby, some 
species were found to be vulnerable and endangered to trigger KBA, hence the area housing all 
these species is shown in the section 7.3. which is proposed to be delineated ecosystem boundary to 
apply the KBA approach with further studies. 
Selecting survey-sites 
Sites were selected based on previously collected data by underwater diving team with a biologists 
team through underwater photography, and some sites were selected randomly. In last 3 years SOS 
documentation team randomly explored and dived into numerous sites around SMI to find and 
locate areas with coral or marine algae association and fish concentration. In that span of time 
documentation teams dived around the seasons and located most diverse and abundant areas of 
biodiversity. 
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Based on those data we selected the sites for survey and sampling for this current study. With the 
progress of work we found some sites as of not much importance, relocated some site’s boundary 
and found some new sites of importance based on random selection. 
7.3. Proposed area for ecosystem boundary delineation  
7.3.1. The coordinates for the proposed boundary 
• Site A: 20° 35´21.3 N, 92° 09´09.2 E 
• Site B: 20° 41´37.4 N, 92° 12´48.5 E 
• Site C: 20° 36´58.5 N, 92° 18´32.6 E 
• Site D: 20° 37´25.4 N, 92° 18´38.2 E  
• Site E: 20° 38´04.1 N, 92° 18´27.4 E  
• Site F: 20° 38´23.6 N, 92° 19´14.3 E  
• Site G: 20° 37´56.1 N, 92° 19´46.0 E  
• Site H: 20° 37´32.9 N, 92° 19´52.5 E  
• Site I: 20° 36´54.3 N, 92° 19´57.1 E 
• Site J: 20° 36´29.2 N, 92° 20´01.1 E  
• Site K: 20° 36´07.2 N, 92° 20´16.4 E 
Figure 7. Map of previously selected sites for survey and sampling 
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• Site L: 20° 35´22.6 N, 92° 20´22.5 E  
• Site M: 20° 34´22.4 N, 92° 20´12.3 E  
• Site N: 20° 33´37.8 N, 92° 20´09.8 E  
• Site O: 20° 33´27.8 N, 92° 24´09.7 E 
During the field surveys of this four months period along with previous field investigation, we have 
found that rocky habitats around SMI which extends up to 16 km in many places offshore supports a 
diverse coral community. 
Hereby, a map has been generated in accordance with the objective to show the possible area 
housing corals as the proposed surrogate and also to be evaluated as a possible KBA.  
 
Figure 8. Map showing the possible KBA site and also coral distribution 
A more thorough diving effort in a longer period of time is needed for documenting all possible coral 
colonies and also to identify more sites within this or outside of this area for KBA identification. The 
preliminary area identified in the triangular with boundary points A, B and O is the section in the 
area denoted in the map is of 285 km2 and houses all the species that has been documented in the 
later part of report. Briefly, 63 species of corals (with globally vulnerable species), 8 different 
echinoderms (mostly not assessed in IUCN Red list category), 43 species of very important marine 
algae (none of which were assessed in IUCN Red list category) and 55 coral associated fish have been 
identified.  
Preliminary, this meets up the second and the third objective of the study, but for greater goal of the 
ecosystem boundary delineation, suggested steps and methods must be followed.  
7.3.2. Biological features 
Major Biodiversity habitats of the Island include sand dunes and beaches, rocky land, a rocky 
intertidal zone, a couple of dead lagoons, a small mudflat area, a small mangrove patch and the 
marine habitat consisting of coral and seaweed communities.  
Sand dunes and beaches: They are the principal shoreline habitats of the Island. Alluvial sands are 
the major sediments component here. Compared to the Northern side, beaches and dunes on the 
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Southern part of the island have higher Carbonate content. Most Carbonates are molluscan shell 
fragments. The sandy beach in the North and North east stretches over 300-400 m into the sea. The 
Western beach is sandy but the sub-tidal area consists of a bed of boulders. Sandy beaches in the 
Western side (especially at Shilbuniar Gola) are supposed to be the best nesting sites in Bangladesh 
for globally threatened marine turtles. 
Lagoons and mudflats: In Uttarpara, Dokkinpara and Diarmatha, three moderate sized shallow 
lagoons/wetlands associated with mangrove and marshy areas occur in the island. They provide 
habitat for birds, invertebrates and other aquatic fauna. All of them now face various degrees of 
degradation and modifications. The one at the North of the island (Uttarpara) is connected to the 
sea at high tide by a narrow tidal channel on the West coast. It has been largely converted to 
agriculture land in recent days and almost lost its vegetation and natural condition. The Dokkhinpara 
Lagoon is also almost dead having no tidal flushing during most of the year except for a few months 
in monsoon. It provides a source of freshwater for paddy cultivation in surrounding islands. Recently 
farming of exotic fishes has been attempted here. The traces of mangroves here suggest that once 
there was a good coverage of diverse high salinity mangroves which is now restricted in just a few 
coppiced trees. Out of the three lagoons the Diarmatha section is in relatively better condition. 
There are also seasonal small lagoons in Cheradia.  
There are small mudflat areas located at Western side of Dokkinpara (Gaittabunya) and at 
Diarmatha, the Southern end of the Eastern beach. They provide food sources for shorebirds and a 
habitat for amphibious sea snakes and crabs. 
Rocky land habitat: At South of Dakhinpara Lagoon/wetland up to Diarmatha the land area is rocky 
locally known as Shilbunia. The West of the Coast Guard base at Uttarpara is also rocky. The majority 
of these areas are covered with giant boulders similar to that of the intertidal zone, with some 
lowland pools. The rocky land area covers about 100 ha and is the last remaining habitat for rare 
species such as the Water monitor (Varanus salvator), Bengal cobra (Naja kaouthia), bush birds, 
water birds and garden lizards, and native herbs, shrubs and climbers. The rocky ground and shallow 
water pools provide an excellent terrestrial microhabitat, especially during winter.  
Rocky intertidal area: The intertidal zone of the Island is almost fringed with numerous boulders, 
except the North eastern corner which is sandy. They extend from a few metres to a few hundred 
metres to the sub-tidal zone. These boulders originated from the bedrock provide a microhabitat for 
numerous marine species sheltering from tidal influences. The upper portion of the rocky habitat 
contains dead coral colonies and remains mostly dry during low tide. The fauna in the lower 
intertidal area includes coral, molluscs, echinoderms, reef fishes, barnacles, crabs, algae etc. The 
area also generates numerous rock pools of various sizes during low tide where small reef fishes and 
rock associated crabs forage. Depending on the tide, the intertidal zone rocky habitat covers 
150-250 ha. 
Marine habitats: The major sub-tidal marine habitats surrounding the island include rocky sub-tidal 
habitats, coral aggregations, seagrass beds, soft coral habitats and offshore soft-bottom habitats. 
Benthic ecosystem along the East and West coasts of the island support different communities 
largely due to the differences in water current and wave exposure. Zonation of East coast benthic 
communities from the lower intertidal areas house the following features: intertidal gastropod-algal 
community, coral-algal community, mixed seagrass-algal community, soft-coral community and 
soft-bottom (mud) community. On the other hand zonation on the West coast follows as: 
gastropod-algal community, coral-algal community, algal community and soft-bottom community.  
Coral communities: Most of marine water surrounding the island supports corals. Diverse veneering 
coral communities flourish in the rocky sub-tidal habitat, growing up to a depth of 7 m, from the 
seaward margin to about 1000 m offshore. 10 out of 15 reef-building scleractinian coral families are 
present on the Island represented by around 22 genera and 63 species. 39 coral species have been 
identified as living hard corals and 14 as soft coral. However abundance and coverage of corals is 
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generally low in the Cheradia area it is 1.3 colonies/m2 with a coral coverage of around 7.5%. Small 
coral aggregations are also found in a number of small intertidal pools of the lower rocky intertidal 
zone. The coral community also supports hundreds of associated fish and invertebrate fauna.  
In an earlier study by Tomascik a total of 66 sceleratianian coral species, belonging to 22 genera, a 
number of which represent reef building species were recorded. The coverage of which varied from 
4-10%. The report says, “The abundance of corals and their cover is low. The coral cover varies from 
2-10% of the rocky substrate (DoZ, 1997). Based on the quadrant transect survey, the density at 
some selected areas is about 1.3 colony/m2 (Tomascik, 1997)”.  
Sea grass meadows: Associated with extensive coral reefs and algal flora sea grass meadows are 
present in the Eastern sub-tidal area of the island. Algal and sea grass beds are considered as 
productive coastal communities that support important spawning and/or nursery grounds for a 
number of economically important fish and shell fish species. 
The (biotic and abiotic) environmental conditions found in the St. Martin’s Island are unique in 
Bangladesh and perhaps in the world (Tomascik, 1997). There are only a few examples worldwide 
where coral communities dominate rock reefs. The co-occurrence and succession of corals, 
seagrasses and mangroves in the Island are little known example in the tropical areas. 
7.3.3. Water quality data 
During field surveys to collect data for the delineation of the ecosystem boundary of SMI, water 
quality parameters were also taken for further understanding of the habitat types, specially the coral 
colonies for further management plan if needed for the conservation and implementation.  
Optimal water-quality parameters for coral colonies 
Because of the very delicate nature of corals, the water quality parameters and other variables 
mentioned in the previous section, need to be at its optimal level to house healthy coral colonies 
and support their long term survival. Parameters which are extremely important for corals to 
flourish are salinity, pH (alkalinity of the water), light penetration or availability of light, availability 
of nutrients (Nitrogen, Phosphorus, Calcium, Nitrite, Nitrate, Phosphate etc.) in an optimal level, 
Dissolved Oxygen etc.  
There is a very rich literature studying and discussing the water quality and environment best for the 
healthy growth of corals. For the reef the following optimal parameters for coral have been 
suggested. This gives us an overall idea about the ranges of these parameters needed for a healthy 
coral colony1 though suggested for an aquarium. But it must also be kept in mind that the case might 
be as such that different species might need different environment or surrounding for a better and 
healthy growth. But, overall an optimal range would work well.  
Table 9. Optimal water quality parameters for corals 
SL No. Parameters Average levels for corals Typical surface ocean value 
1 Specific gravity 1.025  
2 Temperature 27.7°C variable 
3 pH 8.0-8.5 8.0-8.3 (can be lower or higher) 
4 Alkalinity 6-8 dKH/7-11 dKH 
125-200 ppm CaCO3 equivalents 
7 dKH 
125 ppm CaCO3 equivalents 
5 Ammonia (NH3) Near zero <0.1 ppm 
                                                          
1
 http://www.liveaquaria.com/PIC/article.cfm?aid=89 
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6 Nitrite (NO2) Near zero Variable (typically below 0.0001 
ppm) 
7 Nitrate - Nitrogen 
(NO3) 
0.25 ppm Variable (typically below 0.1 ppm 
8 Phosphate (PO4) 0.13 ppm/< 0.03 ppm 0.005 ppm 
9 Calcium 380-420 ppm 420 ppm 
10 Magnesium 1300 ppm 1280 ppm 
11 Iodine 0.06 ppm 0.06 ppm total of all forms 
12 Strontium 8-10 ppm  
13 Salinity 35 ppt 34-36 ppt 
 
The understanding of the critical parameters related to coral growth and their optimal ranges will 
provide a scenario comprising of the sites potential for coral growths. For the lack of historical data 
in SMI, this might open up the opportunity to understand where corals were present or might be 
regenerated if needed for the conservation purpose of it. Following is a brief discussion about the 
critical parameters of the marine environment of the coral colonies. 
Calcium  
The skeleton of corals is mainly composed of Calcium carbonate. Corals acquire most of this from 
the calcium found in the surrounding water and form the skeleton through calcification. As a result, 
maintaining an optimum level of Calcium in the water housing the corals is a very important aspect 
for a healthy coral colony. The approximate natural level of Calcium found in coral reefs is 420 ppm.  
Alkalinity  
For many corals alkalinity is also a very important parameter as this can also be used to form the 
skeleton of corals. Many of them use the Bicarbonate and convert it into Carbonate to finally use it 
as the main component of skeletal formation.  
Salinity  
Naturally the global sea water has a salinity of 35 ppt with a specific gravity of 1.0264 and the 
conductivity is 53 mS/cm. Salinity is a very significant water quality parameter for the healthy being 
of the coral colonies and hence needs to be maintained in areas with corals. By many scientists it has 
been suggested to keep the natural level of salinity even in the reef aquarium for the proper growth 
and survival of corals.  
Temperature 
Ocean water temperature is very significant as it has very profound effects on the metabolic rate of 
any organism. Metabolic rate rises with the rise of temperature and consequently they may use 
more Oxygen, CO2, Calcium etc. and can have a rapid growth. Not only that, with the change in the 
temperature many oceanic processes may change as well such as solubility and so on. It has been 
documented that, different corals have grown in a wide range of temperature, but the greatest 
variety is found in water with the average temperature of 28-30°C.  
pH 
Mostly particular organisms will thrive on particular pH in the marine system and any degradation 
from that level may result in the poor health of that. pH has both direct and indirect effects on 
organism. Such as the toxicity of metals vary with pH and may have a negative impact on organisms 
present there. It can also impact many fundamental processes of corals like, deposition of Calcium in 
the skeleton or calcification depends much on the pH.  
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Along with these above discussed very significant elements/features of the oceanic water the 
amount of Magnesium, Strontium, Iodine, Silica, Nitrate, Nitrite, Ammonium, Phosphate etc. are also 
important and needs to be documented to have an overall picture of the coral habitats of SMI. More 
so, the planktonic and benthic community analysis will also give an idea about the mutual 
relationships of these with the coral community. Hereby, the relationship with the different 
seagrass/algae adjacent to the coral beds might play a very important ecological role as well.  
These ranges of the parameters can vary according to the area of interest, but will broadly be 
similar. For a better understanding, data from the sites accommodating corals must be collected for 
a long period of time encompassing all the seasons and correlate it with the coral health and growth. 
This needs time and resources and should be conducted for the management plan and the 
conservation of corals of SMI. But until then taking examples of neighbouring countries and similar 
habitats around the world, precautionary principles which are established must be taken in account.  
Geophysical parameters of SMI 
The geophysical parameters with the other variable such as the nutrient contents of the water, light 
availability, bottom sediment or bolder type etc. or the planktonic or benthic communities unfold 
the relationship among the living communities with its surrounding environments. This provides a 
deep understanding of the optimal environment that is needed for the survival and health of any 
organism. 
Table 10. Geo-physical parameters of water in the randomly selected sites of SMI 
Site 
No. 
Date Coordinates Salinity 
(ppt) 
pH DO Depth 
(ft.) 
Tidal 
stage 
Weather Rain or other unusual 
condition 
1 05.12.14 N 20° 36.120  
E 92° 20.273 
33 7.7 8.5 18  Sunny No 
1 17.12.14 N 20° 36.120  
E 92° 20.273 
30 7.9 9.6 18 low Sunny No 
2 05.12.14 N 20° 37.421 
E 92° 18.679 
31 7.8 9.4 19  Sunny No 
2 01.01.15 N 20° 37.421 
E 92° 18.679 
32 7.8 6.9 19 Low  cloudy No 
3 06.12.14 N 20° 35.377 
E 92° 20.375 
29 7.7 8.3 22 High Sunny No 
3 17.12.14 N 20° 35.377 
E 92° 20.375 
21 7.8 9.3 18 High  Sunny No 
3 03.01.15 N 20° 35.377 
E 92° 20.375 
28 7.7 8.1 21 High  Very 
sunny 
No 
4 14.12.14 N 20° 35.381 
E 92° 20.376 
30 7.7 7.4 24   Sunny No 
4 04.01.15 N 20° 35.381 
E 92° 20.376 
30 7.8 6.2 24 Low  Sunny No 
5 16.12.14 N 20° 36.487 
E 92° 20.018 
29 7.8 8.2 9   Sunny No 
5 03.01.15 N 20° 36.487 
E 92° 20.018 
30 7.8 8.3 9 High  Sunny No 
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6 16.12.14 N 20° 33.464 
E 92° 24.161 
25 7.7 11.1 45   Sunny No 
7 15.12.14 N 20° 37.476 
E 92° 18.604 
27 7.8 8.3 11   Sunny No 
7 04.01.15 N 20° 37.476 
E 92° 18.604 
28 7.7 7.3 11 Low  Sunny No 
8 15.12.14 N 20° 37.424 
E 92° 18.637  
27 7.8 7 15   Sunny No 
9 15.12.14 N 20° 37.273 
E 92° 18.544 
30 7.9 7.1 25   Sunny No 
9 04.01.15 N 20° 37.273 
E 92° 18.544 
30 7.8 7.2 21 Low  Sunny No 
10 15.12.14 N 20° 38.260 
E 92° 18.384 
31 7.8 8.1 32   Sunny No 
10 04.01.15 N 20° 38.260 
E 92° 18.384 
30 7.8 7.6 27 Low  Sunny No 
11 17.12.14 N 20° 34.230 
E 92° 20.164 
30 7.8 10 35 High  Sunny No 
12 17.12.14 N 20° 37.428 
E 92° 18.714 
30 7.8 7.7 19 High Sunny No 
13 04.01.15 N 20° 36.385 
E 92° 18.990 
30 7.8 7.3 38 Low  Sunny No 
14 03.01.15 N 20° 34.056 
E 92° 20.348 
27 7.7 8 45 Low  Sunny No 
 
Hereby, in this study to have a deeper understanding of the optimal and current condition of the 
surrounding marine environment around the coral colonies, we have collected the above mentioned 
parameters from randomly selected areas mostly with prevalent coral colonies.  
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Figure 9. Map showing the difference in salinity in different selected areas 
For a more scientifically sound analysis and description before coming up with an optimality criteria 
setting or just to understand why and where corals have the highest possibility to grow and survive.  
 
Figure 10. Map showing the difference in DO in different selected areas 
For the time being in this project, we could take the parameters for only one season in the four 
months period. We have taken the parameters at least twice for most selected areas. But, 
parameters must be taken a couple of times in different time of the day around the year 
Report on Saint Martin’s Island ecosystem boundary, Bangladesh. 
43 
encompassing different seasons. Other parameters that are needed to be collected are water 
temperature, temperature of the day, TDS, sediment load, turbidity, conductivity, nutrient contents, 
the moon stage, benthos, planktons etc. with an emphasis on the light penetration, depth, nutrient 
contents (Nitrogen, Phosphorus, Calcium, Nitrite, Nitrate, Phosphate etc.), sediment load and the 
planktonic and benthic communities around in case of understanding the environmental condition 
and further needs for their survival and management.  
The partial data that has been collected and documented in Table 10 can be used for boundary 
delineation or for any management plan for the restoration and subsequent conservation of coral 
colonies. In a properly structured further study, more data on this needs to be collected and 
analysed to answer the research questions asked.  
 
Figure 11. Map showing the difference in pH in different selected areas 
Still, to summarize the above mentioned geophysical data, we could say that, the parameters are 
quite along the line with the normal ranges found here in SMI in previous studies. We could not find 
any extremities, though to rightly state this we need more data covering more sites and seasons in 
different times around the day. The pH is found to be ranged from 7.7 to 7.9; salinity ranged from 
27 ppt to 30 ppt with 21 and 25 ppt once in two site (could be data error or error in the equipment); 
and the DO ranged from 6.2 to 11.1 averaging around 8 to 10. This seems to be highly appropriate 
for coral colonies to thrive if all other threats are excluded.  
We have tried to see the bigger picture of these parameters showing them in maps, for the 
understanding of these variables within the sites selected. An overlapping map incorporating all 
these data may show us the areas with highly appropriate areas for coral colonies given the optimal 
water quality parameter ranges. 
Following are the maps, with the three most important parameters (DO, pH and salinity) currently 
collected for this study. We suggest to collect these data along with some other parameters 
previously documented (Nutrient contents, Nitrate, Nitrite, Ca, N, P, sediment, temperature, acidity 
etc.) all through the year in different times of the day for a scientifically sound area delineation for 
coral colonies and etc. 
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7.3.4. Species composition and coverage 
Using the above mentioned data collection techniques in underwater survey activities, The study has 
proposed the site which can be a potential Key Biodiversity Area, based upon the species 
composition especially the distribution of the corals and other species and the geophysical 
properties of the water. We also suggest this area with some further expedited ones can act as very 
highly regarded representative areas. Finally to complete the process of delineating KBA of SMI the 
further six steps proposed in this report are needed to be conducted. This probable KBA would be 
triggered by highly vulnerable coral species, their sparse distribution and also some other marine 
organisms in need of immediate conservation or protection. 
Coral 
In this present study, 63 species from 10 families have been observed, most of them are of Acropora 
and Montipora family. There is a lot of a species unassessed for the Red list by IUCN hence the global 
status cannot to be estimated. This needs immediate work. Six species found to be Vulnerable while 
one is Endangered. Some species are Least Concern. But the population trend of almost all of the 
species is following the decreasing trend.  
Table 11. List of the observed corals and their present status 
SL no. Scientific name Global status (IUCN Red list) Population trend 
Family - Acriporidae 
1 Acropora aculeus  Vulnerable Decreasing  
2 Acropora austera  Near Threatened  Decreasing  
3 Acropora glauca  Near Threatened  Decreasing  
4 Acropora latistella  Least Concern  Decreasing  
5 Acropora multiacuta  Not yet been assessed for the IUCN Red list  - 
6 Acropora rudis  Endangered  Decreasing  
7 Acropora vaughani  Vulnerable Decreasing  
8 Montipora angulata  Vulnerable Decreasing  
9 Montipora hispida  Least Concern  Decreasing  
10 Montipora informis  Least Concern  Decreasing  
11 Montipora spongodes  Least Concern  Decreasing  
12 Montipora turlensis  Not yet been assessed for the IUCN Red list  - 
13 Montipora veruccosa Not yet been assessed for the IUCN Red list  - 
Family – Agariciidae 
1 Pavona decussata  Not yet been assessed for the IUCN Red list   
Family - Astrocoeniidae 
1 Stylocoeniella armata  Least Concern  Unknown  
Family - Faviidae 
1 Cyphastrea chalcidicum  Least Concern  Decreasing  
2 Cyphastrea serailia  Least Concern  Decreasing  
3 Cyphastrea sp.   
4 Favia favus Least Concern  Decreasing  
5 Favia pallida  Least Concern  Decreasing  
6 Favia speciosa  Least Concern  Decreasing  
7 Favia abdita  Not yet been assessed for the IUCN Red list   
8 Favites chinensis  Near Threatened  Decreasing  
9 Favites flexuosa  Near Threatened  Decreasing  
10 Favites helicora  Not yet been assessed for the IUCN Red list   
13 Goniastrea aspera  Least Concern  Decreasing  
14 Goniastrea edwardsi  Least Concern  Decreasing  
15 Goniastrea retiformis  Least Concern  Decreasing  
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16 Goniastrea palauensis  Not yet been assessed for the IUCN Red list  Decreasing  
17 Goniestrea pendulus Not yet been assessed for the IUCN Red list   
18 Goniastrea sp.   
19 Leptastrea purpurea  Least Concern  Decreasing  
20 Leptrastrea transversa  Not yet been assessed for the IUCN Red list   
21 Montastrea curta  Least Concern  Decreasing  
22 Montastrea magnistellata  Near Threatened  Decreasing  
23 Oulophyllia bennettae  Near Threatened  Decreasing  
24 Platygyra daedalea  Least Concern  Decreasing  
25 Platygyra pini  Not yet been assessed for the IUCN Red list   
26 Platygyra sinensis  Least Concern  Decreasing  
Family - Mussidae 
1 Acanthastrea echinata  Least Concern  Decreasing  
2 Acanthastrea hillae  Near Threatened  Unknown  
Family - Dendrophyllidae 
1 Turbinaria frondens Least Concern  Unknown  
2 Turbinaria peltata  Vulnerable Unknown  
3 Turbinaria renifirmis  Not yet been assessed for the IUCN Red list   
4 Turbinaria stellulata  Vulnerable Unknown  
5 Dendrophyllia sp. Not yet been assessed for the IUCN Red list  
Family - Merulinidae 
1 Hydrophora pilosa Not yet been assessed for the IUCN Red list   
2 Hydrophora mucoconos Not yet been assessed for the IUCN Red list   
3 Hydrophora exesa   
Family - Poritidae 
1 Goniopora columna Near Threatened  Unknown  
2 Goniopora djiboutiensis Least Concern  Unknown  
3 Goniopora stokesi Near Threatened  Unknown  
4 Goniopora stutchburyi Least Concern  Unknown  
5 Goniopora tenuidens Least Concern  Unknown  
6 Porites lobata Near Threatened  Unknown  
7 Porites solida Least Concern  Unknown  
8 Porites lutea Least Concern  Unknown  
9 Porites murrayensis  Near Threatened  Unknown  
Family - Oculinidae 
1 Galaxea astreata  Vulnerable Unknown  
2 Galaxea fascicularis  Near Threatened  Unknown  
Family - Siderastreidae 
1 Psammocora haimeana Least Concern  Unknown  
2 Psammocora profundacella  Least Concern  Unknown  
3 Coscinaraea columna  Least Concern  Unknown  
 
 
 
Report on Saint Martin’s Island ecosystem boundary, Bangladesh. 
46 
Other than corals, some other invertebrates mainly star fish and sea urchins are found. Echinoderms 
is another marine group of organism which has received least attention in the Red list, hence most 
of them are unassessed. It needs assessment to understand global as well as regional status. 
Table 12. List of the observed other invertebrates and their present status 
SL 
no.  
Scientific name  Common name Global status  Population 
trend  
1 Cenometra bella Feather star Not yet been assessed for the IUCN 
Red list  
 
2 Tropiometra afra  Not yet been assessed for the IUCN 
Red list  
 
3 Echinometra mathaei Rock-boring urchin Not yet been assessed for the IUCN 
Red list  
 
4 Echinostrephus aciculatus Urchin Not yet been assessed for the IUCN 
Red list  
 
5 Echinothrix calamaris Banded sea urchin 
or Double spined 
urchin 
Not yet been assessed for the IUCN 
Red list  
 
6 Echinothrix diadema Diadema urchin Not yet been assessed for the IUCN 
Red list  
 
7 Holothuria atra Lolly fish Least Concern Stable 
8 Ophiocoma sp. Brittle star Not yet been assessed for the IUCN 
Red list  
 
 
In this study, under 12 families 43 species of marine algae have been observed. None of the marine 
algae fauna has been assessed by IUCN to incorporate in the Red list, which makes it impossible to 
understand the status without rigorous filed investigation. 
Table 13. List of the observed marine algae and their present status 
SL no.  Scientific name  Global status Population trend  
Family - Chaetangiaceae 
1 Galaxaura fastigiata Not yet been assessed for the IUCN Red list  
2 Scinaia furcellata Not yet been assessed for the IUCN Red list  
Family -Hypneaceae 
1 Hypnea musciformis Not yet been assessed for the IUCN Red list  
2 Hypnea pannosa Not yet been assessed for the IUCN Red list  
Family - Bonnemaisoniaceae 
1 Asparagopsis taxiformis Not yet been assessed for the IUCN Red list  
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Family – Ceramiaceae 
1 Ceramium fastigiatum Not yet been assessed for the IUCN Red list  
2 Centroceras clavulatum Not yet been assessed for the IUCN Red list  
Family - Rhodymeniaceae 
1 Chrysymenia okamuri Not yet been assessed for the IUCN Red list  
2 Cottoniella filamentosa Not yet been assessed for the IUCN Red list  
Family - Dictyotaceae 
1 Padina tenuis Not yet been assessed for the IUCN Red list  
2 Padina australis Not yet been assessed for the IUCN Red list  
3 Padina pavonica Not yet been assessed for the IUCN Red list  
4 Padina vickersiae Not yet been assessed for the IUCN Red list  
5 Padina gymnospora Not yet been assessed for the IUCN Red list  
6 Padina sanctae-crucis Not yet been assessed for the IUCN Red list  
7 Padina tetrastomatica  Not yet been assessed for the IUCN Red list  
8 Dictyota dichotoma  Not yet been assessed for the IUCN Red list  
9 Dictyota bartayresi  Not yet been assessed for the IUCN Red list  
10 Dictyota divaricata  Not yet been assessed for the IUCN Red list  
11 Dictyota australia  Not yet been assessed for the IUCN Red list  
12 Dictyota patens  Not yet been assessed for the IUCN Red list  
13 Dictyota atomaria  Not yet been assessed for the IUCN Red list  
14 Dictyota friabilis  Not yet been assessed for the IUCN Red list  
15 Dictyopteris australis Not yet been assessed for the IUCN Red list  
Family - Ectocarpaceae 
1 Ectocarpus breviarticulatus Not yet been assessed for the IUCN Red list  
Family - Sargassaceae 
1 Sargassum vulgare Not yet been assessed for the IUCN Red list  
2 Sargassum ilicifolum Not yet been assessed for the IUCN Red list  
3 Sargassum piluliferum Not yet been assessed for the IUCN Red list  
4 Sargassum wightii Not yet been assessed for the IUCN Red list  
5 Sargassum flavicans Not yet been assessed for the IUCN Red list  
  
Report on Saint Martin’s Island ecosystem boundary, Bangladesh. 
48 
Family – Dasycladaceae 
1 Dictyosphaeria cavernosa Not yet been assessed for the IUCN Red list  
Family - Ulvaceae 
1 Ulva lactuca Not yet been assessed for the IUCN Red list  
2 Enteromorpha clatrata Not yet been assessed for the IUCN Red list  
3 Enteromorpha compressa Not yet been assessed for the IUCN Red list  
4 Enteromorpha intestinalis Not yet been assessed for the IUCN Red list  
5 Enteromorpha prolifera Not yet been assessed for the IUCN Red list  
Family - Udotiaceae 
1 Halimeda discoidea Not yet been assessed for the IUCN Red list  
2 Halimeda opuntis Not yet been assessed for the IUCN Red list  
Family - Caulerpaceae 
1 Caulerpa taxifolia Not yet been assessed for the IUCN Red list  
2 Caulerpa sertularioides Not yet been assessed for the IUCN Red list  
3 Caulerpa peltata Not yet been assessed for the IUCN Red list  
4 Caulerpa caccoides Not yet been assessed for the IUCN Red list  
5 Caulerpa racemosa Not yet been assessed for the IUCN Red list  
 
Fish: In this current study, under 25 families 55 coral associated fish were observed. Along with 
many other marine fauna coral fish is also almost unassessed for its status by IUCN in the Red list. 
One species found to be Vulnerable while some are Least Concern with no data on the population 
trend.  
Table 14. List of the coral associated fishes observed in the present exploration study and their status 
SL no. Scientific name Global status  Population trend 
Family - Muraenidae 
1 Gymnothorax sp. Least Concern Unknown 
Family - Belonidae 
1 Belone strongylurus Not yet been assessed for the IUCN Red list  
2 Tylosurus crocodilus Not yet been assessed for the IUCN Red list  
Family - Holocentridae 
1 Myripristis vittata Not yet been assessed for the IUCN Red list  
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2 Sargocentron sp. Least Concern Stable 
Family - Serranidae 
1 Cephalopholis boenak Least Concern Unknown 
2 Epinephelus hexagonatus Least Concern Stable 
3 Epinephelus lanceolatus Vulnerable Decreasing 
4 Epinephelus 
polyphekadion 
Near Threatened  Decreasing 
Family - Terapontidae 
1 Terapon jarbua Least Concern Unknown 
Family - Apogonidae 
1 Apogon sp.   
Family - Malacanthidae 
1 Malacanthus sp.   
Family - Carangidae 
1 Caranx ignobilis Not yet been assessed for the IUCN Red list  
Family - Centropomidae 
1 Lates calcalifer Not yet been assessed for the IUCN Red list  
Family - Lutjanidae 
1 Lutjanus fulviflamma Not yet been assessed for the IUCN Red list  
2 Lutjanus malabaricus Not yet been assessed for the IUCN Red list  
3 Lutjanus johnii Not yet been assessed for the IUCN Red list  
Family - Caesionidae 
1 Caesio xanthonota Not yet been assessed for the IUCN Red list  
Family - Nemipteridae 
1 Scolopsis vosmeri Not yet been assessed for the IUCN Red list  
Family - Haemulidae 
1 Plectorhinchus sp. Not yet been assessed for the IUCN Red list  
Family - Lethrinidae 
1 Lethrinus olivaceus  Not yet been assessed for the IUCN Red list  
2 Lethrinus erythracanthus Not yet been assessed for the IUCN Red list  
Family - Mullidae 
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1 Upeneus sulphureus Not yet been assessed for the IUCN Red list  
2 Parupeneus sp. Least Concern Unknown 
Family - Kyphosidae 
1 Kyphosus cinerascens Not yet been assessed for the IUCN Red list  
2 Kyphosus vaigiensis Not yet been assessed for the IUCN Red list  
Family - Ephippididae 
1 Platax teria Not yet been assessed for the IUCN Red list  
Family - Chaetodontidae 
1 Chaetodon collar Not yet been assessed for the IUCN Red list  
2 Chaetodon dacussatus Not yet been assessed for the IUCN Red list  
3 Chaetodon octofasciatus Least Concern Unknown 
4 Heniochus acuminatus Least Concern Stable 
5 Heniochus singularis Least Concern Stable 
Family - Pomacanthidae 
1 Pomacanthus annularis Least Concern Stable 
Family - Pomacentridae 
1 Abudefduf bengalensis Not yet been assessed for the IUCN Red list  
2 Abudefduf sordidus Not yet been assessed for the IUCN Red list  
3 Abudefduf sexfasciatus Not yet been assessed for the IUCN Red list  
4 Neopomacentrus azysron Not yet been assessed for the IUCN Red list  
5 Chrysiptera leucopma Not yet been assessed for the IUCN Red list  
6 Chrysiptera unimaculata Not yet been assessed for the IUCN Red list  
7 Pomacentrus caeruleus Not yet been assessed for the IUCN Red list  
8 Pomacentrus coelestis Not yet been assessed for the IUCN Red list  
9 Pomacentrus vaiuli Not yet been assessed for the IUCN Red list  
10 Stegastes fascilolatus Not yet been assessed for the IUCN Red list  
Family - Cirrhitidae 
1 Cirrhitichthys sp. Not yet been assessed for the IUCN Red list  
Family - Sphyraenidae 
1 Sphyraena forsteri Not yet been assessed for the IUCN Red list  
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2 Sphyraena qenie Not yet been assessed for the IUCN Red list  
Family – Labridae 
1 Coris gaimard Least Concern Stable 
2 Halichoeres sp. V/LC/DD  
3 Labroides dimidiatus Least Concern Unknown 
4 Thalassoma lunare Least Concern Stable 
5 Bodianus sp.   
6 Cheilinus sp.   
Family - Scaridae  
1 Bolbometapon muricatum Not yet been assessed for the IUCN Red list  
2 Scarus sp.   
Family - Tripterygiidae 
1 Helcogramma sp. Least Concern  
8. Way forward 
Due to several previously mentioned limitations this current study could only follow the formulated 
ecosystem boundary delineation methodology partially identifying the potential site for KBA in the 
marine area of SMI. For further studies, and to continue the study in this line the following could be 
the suggested elements to follow through: 
 
Figure 12. Future tasks 
Execute the proposed methodology  
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For identifying the ecosystem boundary using the representative habitat type approach, the 
methods formulated in the review section must be followed and evaluated in the context of SMI. 
For the proper scientific delineation of this KBA boundary, the further six formulated steps namely: 
• Identification of target species, 
• Important data of the target species are to be collected, 
• All the data needs to be compiled in data sheets for further analysis to apply the criteria and 
thresholds,  
• Using the data compiled above KBAs are to be identified under vulnerability and irreplaceability 
criteria with all the sub-criteria,  
• Delineation of KBA boundary and finally  
• The confidence level of KBAs will be determined; 
Proposed in the methodology section needs to be followed. 
Collection of samples for understanding the planktonic and benthic community 
With proper and scientific methods samples are suggested to be collected for the identification and 
documentation of the diversity of planktons and benthos in the sampling sites of interest associated 
with corals to understand the mutual relationships and also for further knowledge generation.  
Year round work 
It should encompass a timeline good enough to collect these data needed and then analysed to 
trigger the KBA and finally mapping it to be used in the MPA delineation.  
Hence, for the a further comprehensive study in practice to delineate KBA boundary and subsequent 
ecosystem boundary of the marine system of SMI a research design for at least a full year 
encompassing all the seasons is needed. For being more scientifically sound a two year study would 
give the researchers an opportunity to replicate the methods for a more effective result. The more 
effective results will certainly help the conservationists and resource managers to take more 
effective conservation decisions. But for now this preliminary boundary is good to take 
precautionary measures to conserve and restore the coral colonies and for upcoming times, with a 
participatory manner in cooperation with local communities’ manageable units of this area can be 
denoted.  
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Figure 13. Future tasks 
Sufficient amount of diving hours 
As remote sensing data cannot be used because of the turbid water quality, all the information and 
data are to be collected through physical underwater diving and with this data the final map 
delineating the boundary is to be formulated; hence this needs more diving hours around the year. 
Experts with diving experience  
A team of at least four divers with minimum ecological knowledge who can work in shifts within the 
time frame of the project is essential. A team of expert taxonomists with specialization on marine 
fauna is essential in the field trips for proper identification of the target species and all the species 
found altogether. GIS expert, oceanographers, marine ecologists and safety experts with technical 
support are also mandatory.  
Equipments 
For proper and scientific data collection with minimum data error of the geo-physical parameters, 
highly sophisticated equipments are needed such as DO-meter, refractometer, pH-meter and many 
other equipments preferably a portable kit with all possible equipments are needed all through the 
timeline of the project.  
Laboratory  
A very important logistic support that is essential for this study is laboratory support. For the analysis 
of the planktons and their identification with benthos collected from the bottom sediments/sea 
beds, a well-equipped laboratory is highly needed.  
This methodology proposed here is highly data-and needs a lot of time to analyse the data to fulfil 
the criteria to trigger the KBA. In the further study to conduct the complete methodology for 
delineation of the ecosystem boundary and to propose driven it for the MPA of SMI, a proper 
research design is needed on this to be conducted in the coming phase as early as possible. These 
steps need to be done having the human dimensions in mind. Which means the communities who 
are the main stakeholders gets to have their share of rights to the resources without hampering the 
biodiversity in a long term. These are suggested to be done in a participatory manner in cooperation 
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with the local communities having both best of interests if the communities and also conservation of 
these habitats.  
9. Conclusion 
Delineating the ecosystem boundary of a marine area as a component of the MPA framework is a 
highly technical task. It needs proper goal setting, threat evaluation, theory formulation and 
depending upon the merits of the methodologies generated in context of the area of interest the 
field work is conducted and finally the boundary is delineated with the purpose of accommodating 
all the goals of the project and also ensuring high biodiversity conservation paving the way for 
sustainable resource management.  
From the perspective of marine resource conservation and an evidence based scientifically sound 
methodology generation, this is the first initiative taken to delineate the boundary of St. Martin’s 
Island in Bangladesh and which has successfully delineated the area of interest.  
Hereby, with the objective of delineating the ecosystem boundary of the marine areas of SMI, a 
rigorous literature review has been done and two approaches have been suggested for this purpose. 
The primary survey to apply these approaches has been done, namely; identification of the sites of 
interest, delineating the primary map encompassing the areas to be studied, making a list of species 
identified in this given period of time and from the previous expeditions, found and identified in 
those areas with the degree of vulnerability. For the approach to be applied in the field the 
preliminary study has been completed and the further steps to be followed and implemented have 
been suggested for the final boundary delineation with the limitations to be faced and with ways of 
mitigation.  
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